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A.  INTRODUCTION 

A  large  body  of  literature  exists  on  polyhedral  boranes  and  the 
_2  _2  1 

^10^10  anc^  ^12^12  lons  Par"ticular-  The  deca-  and  dodeca-  ions  are 
known  to  be  of  pyrotechnic  utility,  based  on  work  performed  in  the  early 
1960's  by  DuPont  and  from  1975  to  the  present  by  a  number  of  government  and 
private  laboratories. 

Because  the  polyhedral  boranes  hold  definite  promise  of  being  a  "HIDEF" 

black  powder  ignitor  replacement,  this  Appendix  concerns  itself  with  a 

concise  literature  search  on  polyhedral  borane  of  interest,  including 

systhesis,  properties,  and  pyrotechnic  behavior. 

Much  of  the  published  information  is  in  patents.  Section  B  gives  a 

listing  and  abstracts  of  patents  appropriate  to  HIDEF  applications. 

Section  C  describes  a  literature  survey  on  synthesis  and  properties  of 

the  basic  ionic  salts  of  B1()H10~2  and  B12H12'2.  It  is  not  intended  as  a 

comprehensive  treatise,  but  gives  an  overview  of  the  topic  end  guides  the 

user  to  the  most  pertinent  literature  and  patent  references. 

Section  D  lists  references  that  describe  the  pyrotechnic  behavior  of 

basic  salts,  double  salts,  and  mixtures  that  might  be  HIDEF  candidates. 

Also  reviewed  in  Section  D  are  results  from  Government  programs  that  have 

_2 

utilized  certain  B ( qH-| q  compositions. 

Section  E  discusses  availability  and  cost  of  polyhedral  boranes  and 
starting  materials. 

Copies  of  the  most  pertinent  patents  are  appended  for  convenience  to 
the  user. 

B.  PATENT  LITERATURE 


The  patents  listed  on  the  following  pages  are  applicable  to  polyhedral 
boranes  and  their  use  in  ignition  and  pyrotechnic  chemistry.  Certain  patents 
covering  substituted  polyhedral  boranes  are  included,  for  information.  If 
a  patent  is  currently  known  to  be  licensed  to  other  than  the  assignee,  the 
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licensee  is  indicated.  For  convenience,  the  list  is  by  chemical  structure 
or  application.  The  references  shown  have  been  filed  and  abstracted  on  a 
Tektronix  4051  data  system. 

1.  Decahydrodecaborates  (B^H^2^  and  Related  Compounds 


a. 


patent  number:  3,i3e,so2 

DATE:  23  JUNE  1964 

TITLE:  AMINE-DECABORANE  ADDUCTS  AND  PREPARATION  THEREOF 
AUTHOR:  S2YNAHSKI, J.U. ;  TR0TZ,S.l. 


ASSIGNEE:  CLIN  MATHIESON 
LICENSEE: 

SUBJECT:  SOLIDS  PRODUCTS  RESULTING  FROM  REACTION  OF  L014FR  ai  krvi 
ncr-Dno-hr^r  (JONGCHLORGALKYLAHIHES,  MORPHOLINE,  AND  PIPERIDINE  WITH 
E  ^T  ELEVATED  TEMPERATURE.  THESE  APE  DESCRIBED  AS  ADDUCTS, 
BUT  ACTUAL  PRODUCTS  NIGHT  INCLUDE  IOHIC  B10H10  PRODUCTS,  AS  THE 
COMMONLY  USED  SYNTHETIC  ROUTE  TO  THE  IOH  B1BH10( -2>  PROCEEDS  VIA 
A  HEARLY  IDENTICAL  ROUTE.  APPLICATION  OF  PYROTECHNIC  UTILITY 
WHEN  BLENDED  WITH  OXIDIZER  ARE  MENTIONED 


b.  PATENT  NUMBER:  3.146,923 

DATE:  15  SEPT  1954 

TITLE:  AMMONIA  AND  HYDRAZINE  SALTS  OF  THE  B13H10<-2>  ANION 
AUTHOR:  KHOTH, U. H. JR 


ASSIGNEE:  DUPONT 
LICENSEE: 

SUBJECT:  SIMPLE  SALTS 
TIONi  PROPERTIES;  USEFUL  AS 


<NH 4 >2B 10H1 6  AND  (HH2NH3/2B10H10; 
HIGH  ENERGY  FUELS. 


PREPARA- 


C. 


PATENT  NUMBER: 

DATE: 

title: 

AUTHOR: 


3, 149, 163 
15  SEPT  1964 

AMINE  AND  ORGANO- SUBSTITUTED 
B1 OH  1 0 C-2>  ANION  AND  PROCESS 
KNOTH, W. H. JR 


HYDRAZINE  SALTS  OF 
FOR  PREPARING  SAME 


THE 


ASSIGNEE:  DUPONT 
LICENSEE: 

SUBJECT:  COMPOUNDS  OF  THE  GENERAL  FORMULA  (RR'NHRi?Rtfluia  aur, 

ISRHYDROGEN>OR1GF1THFHc^MrftT>IJr^-eCloOMSLftn  HYDROCARBON  GROUP  AND  R' 
..S.Ull...  D*  UP  THE  ShME  TiPE  hS  R.  R  IS  LIMITED  TO  1?  raPAMMQ  iac 

cMDCTfri'iTr^^ln^^I^^TED  HYDRAZINES  HAY  INCLUDE  ONLY  SYMMETRICALLY 
SUBSTITUTED  GROUPS  AND  IT  IS  NOT  CLEAR  IF  A  COMPOUND  chow  ic  tuic 
UNSYMMETETRIC  D I NETHYLHYDRAZ INI  UN  SALT  WOULD  BE  INCLUDED?  E 


d. 


PATENT  NUMBEP: 

DATE: 

title: 

AUTHOR: 


3,  148, 939 
15  SEFT  1964 

HYDRATES,  METAL  SALTS,  AND  HYDRATED  METAL  SALTS  OF  ACID 

HjBIOHIO 

KIIOTH,  M.H.  JR 


assignee: 

LICENSEE: 

SUBJECT; 


DUPONT 

TELEDYNE  MCCORMICK  SELPH  (HOLLISTER,  CA> 

HETALLIC  SALTS  OF  B1BH10)  PREPARATION;  PROPERTIES 
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e.  PATENT  NUMBER:  3,264.071 
DATE:  2  AUG  1966 
TITLE:  BIS(hMMOHIO)  DEChBGRAME 

author: 


ASSIGNEE:  CALLERY  CHEHIChL  company 
LICENSEE: 

subject: 


f. 


PATENT  NUMBER: 

DATE: 


3,373,203 
12  MAR  1968 
title:  PREPARATION  OF  DECAHYDRODEChBORATES 


AUTHOR:  HAKHLOUF, J.M. 5  HOUGH.  W.U. 

LICENSEE'  C':'LLeRY  CHe,1!CAL  COMPANY  (BEFORE  MSA  ACOUISITION) 

SUBJECT:  PYROLYSIS  OF  POTASSIUM,  CESIUM.  TETRAMETHYLAMMOMIUM,  OR 
TF.TRAETHYLAMMOH'IUM  OCTAHYDROTRIEORATE  TO  THE  CORRESPONDING  B16H10 
SALT. 


g. 


PATENT  NUMBER: 

DATE: 

TITLE: 

AUTHOR: 


3,373,202 
12  MAR  1962 

METHOD  OF  PREPARING  TETRAETHYL AMMONIUM  DECAHYDRODECA- 
BORATES 

MAKHLGUF, J.M;  HEFFERNAN, G. T. 


ASSIGNEE: 

LICENSEE: 

subject: 

SALT. 


CALLERY  CHEMICAL  COMPANY  (BEFORE  MSA  ACQU I  SI T I OH> 
PYROLYSIS  OF  <C2H5',4NBH4  TO  THE  CORRESPONDING  BI0H1O 


h.  PATENT  NUMBER:  3,426,071 
DATE:  4  FEB  1969 

TITLE:  METHOD  OF  PREPARING  TETRAETHYLAMMONIUM  DECAHYDRODECA- 
BOPATE (2> 

AUTHOR:'  HEFFERAN,  G.  T, 


ASSIGNEE:  MINE  SAFETY  APPLIANCES  (CALLERY  CHEMICAL/ 

LICENSEE: 

SU8JECT:  PYROLYSIS  OF  (C2H5 >4- NB3H3  TO  THE  CORRESPONDING  B12H12 

SALT 


1.  PATEHT  HUMBER:  3,455,661 

DATE:  15  JULY  1969 

TITLE:  BIS(KYDRAZIHE)  DECABORANE ( 12>  COMPOUNDS 
AUTHOR: 


ASSIGNEE:  CALLERY  CHEMICAL  COMPANY 
licehsee: 
subject: 
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j. 


PATENT  HUMBER: 

DATE: 

title: 

author: 


2.393,399 
14  MAY  1 968 

SALTS  OF  BORON-HYDRIDE-  ANIONS  AND  BORON  CONTAINING 
ORGANIC  CATIONS  AND  METHOD  OF  THEIR  PREPARATION 
9TAFIEJ, S. F. j  TAKACS.E. A. 


ASSIGNEE:  AMERICAN  CYANAIIID  COMPANY  ^STAMFORD,  CT> 

licensee: 

SUBJECT:  SALTS  OF  THE  GENERAL  FORMULA  CBH2Z1 Z23I1,  WHERE  II  IS  A 
BORON  HYDRIDE  ION  SUCH  AS  B10H10.-2)  OR  BI2Hl2<-2>  AND  THE  Z'S  ARE 
TERTIARY  AMINES  OR  TERTIARY  PHOSPHINES  OF  SELECTED  CLASSES.  AN  EXAMPLE 
IS  C(<CH3)3N>2EH23BltiHie.  A  STATED  USAGE  IS  HIGH  ENERGY  SOLID  POCKET 
PPOPELLAHT  INGREOIEHTS. 


k-  PATENT  NUMBER:  4,602,681 

DATE:  II  JAH  1 977 

TITLE:  B I S-GUAN 1 D I  HI UM  DECAH YDRODECABORATE  AND  A  PROCESS  FOR 
ITS  PREPARATION 
AUTHOR:  GODDARD, T.P. 

ASSIGNEE:  TELEDYNE  MCCORMICK  SELPH 

licensee: 

SUBJECT:  SALT  <C<HH2>3)2B10H10.  HIGH  NITROGEN  CONTENT  HIGH 
ENERGY  FUEL 


1.  PATENT  HUMBER!  4,164,513 

DATE:  14  AUG  1979 

TITLE.  AMINO-SUBSTITUTED  GUANIDINE  SALTS  OF  DECAHYDR0DECA60RIC 
ACID 

AUTHOR:  GODDARD, T.P. 

ASSIGNEE:  TELEDYNE  MCCORMICK  SELPH 
LICENSEE: 

SUBJECT:  AMI HOGUANI DINE  AND  0 1  AM  I NOGUAN ID  1 NE  SALTS  OF  THE  BI0HI0 
ANIOH.  < CNHHH2 ( MH2 ) 2 ) 2B 1 0H 1 0  AND  <C<MHNH2>2NH2>2B10HI0. 

THE  FORMER  IS  A  MILD  REACTING  HONOPROPELLAHT  AND  THE  LATTER 
IS  A  UERY  SENSITIUE  INITIATING  EXPLOSIUE. 


m. 


PATENT  NUMBER: 

DATE: 


4,130,585 
19  DEC  1978 

TITLE:  BIS-TR IAM1 HOGUANI DINE  DECAHYDPODECABORATE,  PROCESS  FOR 
PREPARATION,  AND  HIGH  ENERGY  PROPELLANT 
AUTHOR:  GODDARD,  T.P. 


ASSIGHEE:  TELEDYNE  MCCORMICK  SELPH 

licensee: 

.....  -SU®L^SI‘.  COWERS  THE  TAG  SALT  OF  BIOH10.  ( C ( MHHH2 > 3 > 2B 1 0H 1 0 .  A 
STABLE,  NONMETALLlU  SALT  OF  DECAHYDRODEC ABOR I C  ACID  THAT  HAS  A  IIERY 
HIGH  NITROGEN  CONTENT  AND  IS  A  POWERFUL  HONOPROPELIANT.  HEAT  OF 
EXPLOSIOH  IS  OUER  1256  CALORIES^CPAM.  THIS  IS  A  BORON-NITROGEN 
HONOPROPELLAHT. 
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2. 


Dodecahydrododecaborates 


(b12h]2  ) 


and  Related  Compounds 


a.  PATENT  NUMBER:  3, 169, 044 
DATE:  9  FEB  1965 

TITLE:  DIHYOROGEH  DODECAHYDROPODEChBORATE  AND  METHOD  FOR  PRO¬ 
DUCING  SAKE 

AUTHOR: 


ASSIGNEE:  DUPONT 

LICEHSEE:  MINE  SAFETY  APPLIANCES  (CALLERY  CHEMICAL  CO.  ) 
SUBJECT.' 


b.  PATENT  NUHOER:  3,169,045 
DATE:  9  FEB  1965 

TITLE:  DODECAHYDPODODECABOPhTE  COMPOUNDS 
AUTHOR: 


ASSIGNEE:  DUPONT 

LICENSEE:  MINE  SAFETY  APPLIANCES  < CALLER V  CHEMICAL  COMPANY) 
SUBJECT: 


C.  PATENT  NUMEER:  3,355,261 

DATE:  28  NO"  196? 
title:  chemical  process 


author:  MILLER. H.C.:  muettepties.e.l. 

assignee:  DUPONT 
licensee: 

SUBJECT:  METHOD  FOR  PRODUCTION  OF  B12H12<-2>  BY  PYROLYSIS  OF 
DIBORAHE  AND  ALRhLI  SALTS  OF  TETRAHYDROBORATE.  METAL  SALTS  OF  B12HI2 
ARE  PRODUCED  DIRECTLY. 


d.  PATENT  HUMBER:  3,961,01? 

DATE:  1  JUNE  1 9?6 

TITLE.'  PRODUCTION  OF  DODECAHYDRODODECABORATE  (-2/ 

AUTHOR:  HOUGH, W.U.!  CUIBERT- r . R. (  HEFFERAN, G. T. 

ASSIGNEE:  MINE  SAFETY  APPLIANCES  (CALLERY  CHEMICAL) 

LICEHSEE: 

SUBJECT:  PREPARATION  OF  THE  BI2H1 2(-2>  I  OH  UIA  REACTION  OF  ALKALI 
METAL  BOROHYDRIDE  WITH  D I METH YL SULF I DEDORANE  AT  100  TO  156  DEG. 
CENTIGRADE.  YIELD  IS  ABOUT  90-:. 


e. 


PATEHT  NUMBER: 

DATE: 

TITLE: 

AUTHOR: 


3.505, 152 
28  APR  1970 

BIS-POLYGUATERHARY  AMMONIUM  DODECAHYDRODODECABORATES  AND 
OCTAHYDRuTR I  BORATES 
EHRLICH, R.I  SHAPIRO, P. 


ASSIGNEE: 

licensee: 

SUBJECT: 

COMPOUNDS. 


THIOKOL  CHEMICAL  CORP.  (BRISTOL,  PA) 

POLYGUATERHAPV  AMMONIUM  SALTS  OF  8I2HI2<-2>  AND  RELATED 
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3.  Higher  Polyhedral  Boranes 


a.  PATENT  NUM8ER:  3,431,085 
DATE:  4  CAR  1969 

TITLE:  REACTION  PRODUCTS  AND  PROCESSES 
AUTHOR:  EHGELHhRDT , u. A. 

ASSIGNEE:  DUPONT 

licensee: 

SUBJECT:  AMMONIUM,  SUBSTITUTED  A MUON  I  UN,  HYDRAZINE,  AND  SUBSTI¬ 
TUTED  HYDRAZINE  SALTS  OP  THE  6-0H18<-2>  ANION.  STATED  AS  BEING  USEFUL 
AS  COMPONENTS  OF  HIGH  ENERGY  FUELS. 


b.  PATENT  NUMBER:  3,365,235 

DATE:  23  JAN  1968 

TITLE:  POLYHYDROPOLYBCRATES  AND  PROCESSES  FOR  PREPARING  THEM 

AUTHOR:  HUETTERTIES.E.L. 

ASSIGNEE:  DUPONT 
LICENSEE: 

SUBJECT:  ACID,  METAL,  METAL-AMINE,  R4N  +  ,  ARN=N+,  R3S+ ,  AND 
R4P*  SALTS  OP  THE  620Hia*-2>  ION. 


C.  PATENT  HUMBER:  3,446,604 

DATE:  2?  MAY  196? 

TITLE:  ACID  AND  SALTS  OF  B20H18C-2)  ION 

AUTHOR:  HUETTERTIES.E.L. 

ASSIGNEE:  DUPONT 
LICENSEE: 

SUBJECT:  ACID  AND  SALTS  OF  THE  626Hl8<-4>  ION.  TITLE  IN  ERROR? 
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4.  Suosti tuted  Decahydrodecaborates 


a-  PATENT  NUMBER:  3,265,73? 

DATE:  9  AUG  1 966 

TITLE:  BORON  AMINES  AND  PROCESS  FOP  FORMATION  THEREOF 
AUTHOR:  MILLER,  N.S. 


ASSIGNEE:  DUPONT 
LICENSEE: 

0F  THE  GENERAL  FORMULA 

L  ALIFHATTrAP  v  -  -  thd  '  t ?r  S-r  I- 9mLL 7  SATURATED  HYDROCARBONS 

^TV'MfoHEMLRLSlNOWoMHKD'TO^Sanl  ITl  E“t  SSg*|&S!c» 
hS?ScIS!  SracLUKD?  10  l,I,l>0CE"'  KL"Et cSlll-?S"c  E"TOED 


b.  PATENT  NUMBER:  3, 32S,  422 

'ATE:  2?  JUNE  195? 

TITLE:  DER IUATIUE3  OF  POLYHEDRAL  DODECABORAHES 
AUTHOR: 


ASSIGNEE:  DUPONT 

licensee:  MINE  SAFETY  APPLIANCES  (CALLERY  CHEMICAL  COMPANY) 


C.  PATENT  NUMBER:  3,295,250 
DATE:  3  JAN  196? 

TITLE:  NEUTRAL  AND  SINGLY  CHARGED  DER JUATIUES  OF  DECABORANES 
AND  DECABORATES 

author: 


assignee:  DUPONT 

LICENSEE:  NINE  SAFETY  APPLIANCES  (CALLERY  CHEMICAL  COMPANY) 
SUBJECT: 


d. 


PATEHT  NUMBER:  3,372,006 
DATE:  5  MAR  1 96$ 

TITLE:  HALOGEN  DERIUATMES  OF  POLYHEDRAL  BORON  COMPOUNDS 


AUTHOR:  CHAMBERLAND,  £'.  L.  5  MUETTERT  IES,  E.  L. 


ASSIGNEE:  DUPONT 
LICENSEE: 

MCTfii  SUBSTITUTED  B20HlS(-2' 

METAL  SmLTS  THEREuF. 


ION  AND  METAL  AND  NOH- 


e-  PATENT  NUMBER:  3,551,120 

DATE:  29  DEC  19?0 
TITLE:  SUBSTITUTED  DODECABORATES 

AUTHOR: 

ASSIGNEE:  DUPONT 

LICENSEE:  MINE  SAFETY  APPLIANCES  (CALLERY  CHEMICAL  COMPANY) 
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5„  Double  Salts  of  Pyrotechnic  Utility 


a.  PATENT  HUMBER:  3, 10?, 613 

PATE:  22  OCT  1363 
TITLE:  BORON  COMPOUND 


AUTHOR:  ARMSTRONG. R. K. S  ENGLAND, P. C. i  PARSHALL , G. W.  ;  THATCHER, 
D.  H. 

ASSIGNEE:  DUPONT 

LICENSEE:  TELEDYNE  MCCORMICK  SELPH  (HOLLISTER,  CA> 

SUBJECT:  DOUBLE  SALT  CSM03: CS2BI0HI0  PREPARATION)  PERFORMANCE  IN 
SQUIBS  AND  DETONATORS!  SENSITIUITY. 


b.  PATENT  HUMBER:  3,184.286 
DATE!  18  NAY  1965 

TITLE:  CS2BI2H12.CSH03  PRODUCT  AND  PROCESS  FOR  MAKING  SAME 


AUTHOR:  ENGLAND, D,C. 


ASSIGNEE:  DUPONT 

LICENSEE:  TELEDYNE  MCCORMICK  SELPH  (HOLLISTER,  CA) 

SUBJECT:  DOUBLE  SALT  CS2B12HI2:CSN03i  PROCESS  FOR  MANUFACTURE! 
PERFORMANCE  IN  SQUIBS  AND  DETONATORS;  SENSITIUITY 


C. 


PATENT  HUMBER: 

DATE: 

title: 

author: 


3,256.056 
14  JUNE  1966 

(CS2BI6H10 >2. CS2CR20?  PRODUCT  AND  PROCESS  FOR  PREPARING 
SAME 

ARMSTRONG, R.K. 


ASSIGNEE!  DUPONT 
LICENSEE: 

SUBJECT:  DOUBLE  SALT  (CS2B I OHI 0)2: CS2CR207;  PREPARATION;  PERFOR¬ 
MANCE  IH  ELECTRIC  INITIATORS  AND  DELAY  LINES;  SENSITIUITY!  THIS  IS  A 
SLOW  BURNING,  ALMOST  COMPLETELY  GASl ESS  DELAY  COMPOSITION 


d.  PATENT  HUMBER:  3,411,330 

DATE:  19  NOU  1968 

TITLE:  CHEMICAL  PRODUCTS  AMD  PROCESSES 
AUTHOR:  BhLTHIS.J.H. 

ASSIGNEE:  DUPONT 

licensee: 

SUBJECT:  DOUBLE  SALTS  OF  COBALT(IIl>  AND  CHROH IUM< 1 1 1 )  AMINES  AND 
B 10H 1 0(-2>  AND  6 1 2HI2(-2)  ANIONS  WITH  A  SECOND  OXIDIZING  AH  I OH  (SUCH 
AS  NITRATE);  THESE  ARE  USEFUL  AS  INITIATING  EXPLOSIVES.  AH  EXhMPLE 
IS  CC0(HH3)63(EI2H12XH03).2H20 
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6.  Pyrotechnic  and  Propellant  Compositions  with  Polyhedral  Boranes 


a.  PATEHT  HUMBER:  7,126.305 

DATE:  tA  MARCH  196-4 

title:  ighitioh  compositions  comprising  boron  containing  salts 


AUTHOR:  ARMSTRONG, P.K. 


assignee:  DUPONT 

LICEHSEE:  TELEDYNE  MCCORMICK  SELPH  ‘HOLLISTER,  CA'. 

SUBJECT:  PHYSICAL  BLENDS  OF  METAL  SALTS  OF  6IOH10  AND  BI2HI2  WITH 
COMNOH  OXIDIZERS.  METAL  SALTS  INCLUDE  ALKALI,  ALKALINE 
EARTH,  AND  HEhUY  (TRANSITION'-  METALS.  OXIDIZERS  INCLUDE 
PERCHLOPATES,  NITRATES.  CHROMATES,  PEROXIDES,  ETC. 

PERFORMANCE  IN  SOUIBS  AND  PYROTECHNIC  CORDS;  SENSITIV¬ 
ITY;  THERMAL  STABILITY. 


b.  PATENT  NUMBER:  4,135,956 

date:  23  JAN  1979 

title:  COPRECIPITATED  PYROTECHNIC  COMPOSITION  PROCESSES  AHD 
RESULTANT  PRODUCTS 
AUTHOR:  GODDARD, T.P. J  THATCHER, D. N. 

ASSIGNEE*.  TELEDYNE  MCCORMICK  SELPH 
LICENSEE: 

SUBJECT:  COCP.YSTALLI2ED  SALTS  OF  DECAHYDRODECABORIC  ACID  AND 
SELECTED  OXIDIZING  AGEHTS.  THE  COPRECIPITATED  PRODUCTS  ARE  CHEMICALLY 
AHD  PHYSICALLY  DISTINCT  FROM  PHYSICAL  BLENDS  OF  THE  SAME  INGREDIENTS. 
MAHY  OF  THE  PRODUCTS  EXHIBIT  VERY  HIGH  BURNING  RATES  UNDER  MILD 
COHFIHENEHT  OR  HEAT.  SOME  DO  NOT  EXHIBIT  DDT,  EUEN  UNDER  EXTREME 
COHFINEMEHT  AND  STIMULUS. 


C. 


PATENT  HUMBER: 

date: 

TITLE: 

author: 


4, 138,282 
b  FEB  1979 

HIGH  BURNING  RATE  PROPELLANTS  WITH  COPRECIPITATED  SALTS 
OF  DECAHYDRODECABORIC  ACID 
GODDARD, T.P.;  THATCHER, D.H. 


ASSIGHEE.*  TELEDVHE  MCCORMICK  SELPH 
LICENSEE: 

SUBJECT:  VERY  HIGH  BURN  RATE  PROPELLANTS,  up  TO  20  INCHES  PER 
SECOND.  FROM  BLENDS  OF  BINDER,  PLASTICIZER,  ADDITIUES,  AND  A  MAJOR 
FRACTION  OF  COPRECIPITATED  BIOHIB-'OXID IZER  SOLIDS. 


d. 

i 


PATENT  NUMBER: 

DATE: 

TITLE.’ 

AUTHOR: 


4, 172,743 
30  OCT  1979 

COMPOSITIONS  OF  BIS-TRI AM 
ATE  AND  TAGH 
GODDARD, T.P. 


INOGUAHIDIHE  DECAHYDRODECABOR- 


ASSIGNEE:  TELEDYNE  MCCORMICK  SELPH 
LICEHSEE.’ 

SUBJECT:  COPRECIPITATED  OR  PHYSICALLY  BLENDED  COMPOSITIONS  FROM 
VARIOUS  PROPORTIONS  OF  THE  TR I AM INOGUAHIDIHE  SALT  OF  THE  BI0HI0  IOH 
WITH  TRIAMIHOGUANIDIHE  NITRATE.  THESE  ARE  VERY  HIGH  IMPULSE 
IGNITION  OR  PROPELLANT  INGREDIENTS. 
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e.  PATENT  NUMBER:  4,103,59? 

DmTE:  22  AUG  1978 

TITLE:  HOUEL  TRIhMIMGGUANID IHE  NITRATE  PROPELLANTS 
AUTHOR:  GODDARD, T.P. 


i  uncc. . 

licensee: 

AMINOGUANIDi’he  DECANyDRODECABORATETAND^TptaM?u^ri  C0PREC IpI TATED  TRI- 

il si"  •  f  gsaiiiasLii'ffl1^ 

PELL»HT  IHCORPORftTIHG  IHE  COPBECIPITME  2s THE SIjOPL“oUDS ‘pIJcTIoi. 


iti.CLP.nt  m-LUKHICK  SELPH 


f. 


PATENT  NUMBER: 

DATE: 


4, 139.404 
- -  13  FEB  1979 

’  CATALYSTS™**  PR0PELLA"TS  INCORPORATING  BURNING  RATE 
AUTHOR:  GODDARD, T.P. ;  THATCHER, D. H. 


LICENSEE-  TELEDVNE  MCCORMICK  SELPH 

agsimmmmmmm- 


g. 


PATENT  NUMBER:  4,080.902 

DATE:  28  HARCN  1978 

title:  nigh  speed  ighitor  deuice 


AUTHOR:  GODDARD, T. P. ;  WEBB,S.D.J  THATCHER, D. N. 


TELEDYNE  MCCORMICK  SELPH 


ASSIGNEE: 
LICEHSEE: 


A 

RADIAL 


PATENT  NUMBER: 

DATE: 

TITLE: 


4,089, 716 
16  MAY  1978 
IGNITION  EHHANCIHG  PROPELLANT  COATINGS 


AUTHOR:  GODDARD, T.P.}  THATCHER, D. H. J  GARRISON, C.G. 


UCENSEE'  TELEDYHE  MCCORMICK  SELPH 


SALTS 

LAYER 


CRAIN  ETERNAL  SURFACE.  ShICN  FACILITAT«H??S?^rLUI2rDfPOSlTE5  M 
USEFUL  FOR  HEAUILY  DETERRED  PROPELLANTS  IGHITI0H  0F  TNE  SURFACE. 


A 

THE 
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PATENT 


NUMBER: 

DATE: 

TITLE: 


4,694, ?12 
13  JUHE  1978 

COMPOUHDSTE&  CHAftGES  INCORPORATING  INTEGRAL  IGNITION 
AUTHOR:  GODDARD, T.P.;  THATCHER, D. N. ;  GARRISON, C. G. 


ASSIGNEE:  TELEDYNE  MCCORMICK  SELPH 
L I CENSEE l 

..  SUBJECT:  PREPARATION  OF  HEDIUM  CALIBER  CHARGES  OF  coHcni  irtaTcr, 
CRAINS  OF  PROPELLANT,  WHEREIN  AN  IGNITION  CO^OUND, SPECIFICALLY*! MPI  r 
SALTS  OF  B18H16  AHD  COPRECIPITATED  OF  SALTS  OF  B10H10  AND  OXIDTRFP?^ 

CHARGE  BETWEEN  AND  AROUND  THE  INDIUIOUAL  GRAINS^ 

IGNITION OF LT^  Il5DigiDUAL0GRAl5s?ILITATES  BRE*KUP  °F  THE  CH*RCE  fiND  ‘ 
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C.  SYNTHESIS  ANO  PROPERTIES 

The  principal  anions  of  interest  for  pyrotechnic  applications  are 
-2  -2 

^10^10  ’  and  ^12^12  and  P°ssibly  higher  boranes.  A  concise  review 

of  synthetic  routes  and  properties  explored  in  the  1950's  and  1960's 

•  •  •  1  c  la 

is  given  in  Scholer  and  Todd  and  updated  in  Muetterties  .  While 

some  of  the  syhthetic  methods  appear  to  be  fairly  straightforward  and 

give  good  yields,  often  starting  materials  (like  B^Hg )  are  dangerous 

to  handle  or  conditions  are  exotic. 

O 

1.  Methods  for  Synthesizing  the  B-| qH-j g  Ion 
a.  Synthesis  Via  Decaborane 

O 

The  most  convenient  laboratory  syntheses  of  B-]qH-]q 

involves  preparation  of  B10H1 2  (ligand)2  from  decaborane  followed  by 

reaction  with  ammonia  or  triethylamine  to  yield  the  BlnH  salt. 

o  I U  1  u 

The  mechanism  has  been  postulated  as  follows/ 

kl  „ 

B10H12^lgandl  ^2  ^ -  B-j oHi 2 ( 1  i Sand-! )  +  ligand1  (C-l) 

k-l 

k2 

B10H12(ligandl )  +  li9and2 - ^B10H11  +nigand2)H  +  ligand1  (C-2) 


B10H1 1 


ligand, 


fast 


B10H10 


+  (ligand?)H  (C-3) 


Synthesis  using  as  ligand  are  given  in  Volume  9 

of  Inorganic  Synthesis.3  (U.5.  patent  3,138,602) 

B10H14  +  2<C2H5)3N— I «C2H5>3NHVl0H10  +  H2 
Decaborane  and  triethylamine  are  refluxed  in  xylene  under  nitrogen  for 
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several  hours.  The  solution  is  cooled  and  the  product  filtered  (93%). 
Recrystall ization  is  from  hot  water/ethanol. 

Despite  the  toxicity  of  decaborane,  this  method  appears 
to  be  uncomplicated.  The  product  is  very  soluble ’in  water  and  acetonitrile. 
Treatment  with  alkali  metal  hydroxides  gives  the  alkali  metal  salts,  which 
are  very  stable. 

The  ammonium  salt,  which  is  more  soluble  in  water  than 
the  tri ethyl  ammonium  salt  is  prepared  by  a  sequence  of  reactions  using 
dimethylsulfide  as  ligand.''  (U.S.  patents  3,148,938;  3,148,939; 

3,149,163) 

b,0H14  +  2(CH3)2S - ►  B10H12  -2S(CH3)2  +  H? 

B10H1Z  •S(CH3>2  +  2NH3  - *(NH4>2B10H10  +  2<CH3>2S 

Decaborane  is  dissolved  in  dimethylsulfide  and  allowed 
to  stand  at  room  temperature  for  four  days.  Crystals  of  BlQH12*2S(CH3)2 
are  collected,  dried  and  then  dissolved  in  liquid  ammonia  which  is  then 
allowed  to  evaporate  leaving  (NH4)2B10H1(J  which  is  dried  and  recrystallized 
from  cold  water  (83%).  If  a  satisfactory  hood  system  is  available 
this  method  is  also  not  complicated  and  is,  in  fact,  the  method  described 
in  many  industrial  patents. 

b.  '  Thermolysis  of  Tetrahydroborates  and  Octahydrotri borates 

* !i gh  yield  synthesis  of  B1(}H10“2  has  been  reported  from 
thermolysis  of  (C2H5)4NBH4  or  (C^^NB^g  in  a  steel  cylinder  at  185° 

5 

for  16  hours.  (U.S.  patents  3,373,202;  3,373,203;  and  3,426,071) 

185° 

i°(c2h5)4nbh4 - -C(c2h5)4n]2b10h10  + 

8(C2H5)3N  +  11H2  +  8C2H6  (C -t) 
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185° 

1  °^C2H5^4NB3H8  *■  3^C2H5^4N^2B10H10  + 

4(C2H5)3N  +  23H2  +  4C2H6  (C-5) 


Solids  from  (C-4)  arid  (C-5)  were  dissolved  in  acetonitrile, 
filtered  and  crystallized  (94%  yield).  Depending  on  availability  of 
starting  material  this  method  is  a  simple  route  to  C(C2H5 ^4N^2B10H10‘ 
Related  salts  of  potassium  and  cesium  give  different  products. 

High  yield  syntheses  of  [(^s^^IC^IO  were  rePortecl 
from  the  tetramethyl ammonium  salts  by  pyrolysis  at  slightly  higher 
temperatures  (185  -  220°,  15-25  hours)  in  the  French  patent  literature 
(FR  2,314,921).  Product  dependence  on  pressure  changes  were  reported. 

2.  Methods  for 


a.  Synthesis  Via  Decaborane 

_2 

As  with  ,  a  convenient  laboratory  synthesis  of 

B12H12~2  involves  preparation  from  decaborane,  viz.6 


2(C2H5)3NBH3  ♦  B1qH14. 


[(C2Hs)3NH]2B12H12  +  3H2  (C-6) 


This  synthesis  involves  triethyamineborane  which  may  be  purchased  or 
prepared  in  situ  from  tr iethylamine  and  diborane  and  then  purified  by 
distillation  at  87°  (12mm).  Reagents  are  then  heated  to  190°  in 
ultrasene  (a  purified  kerosene)  under  nitrogen.  Purification  involves 
cooling  and  filtering  the  solid  product  (92%)  which  may  be  recrystallized 
from  hot  water.  The  cesium  salt  is  prepared  by  passing  an  ethanol 
solution  of  the  tri ethyl anmoni urn  salt  through  a  strong  acid  ion  exchange 
resin  and  then  neutralizing  the  product  with  CsOH.  Boiling  the  product 
in  aqueous  NaOH  (or  KOH)  expels  free  triethylamine  and  yields  Na2B^2H^2> 


14 


THE  BDM  CORPORATION 


A  similar  synthesis  uses  decaborane  and  borohydride  ion 

in  diglyme. ' 

B1 0H1 4  +  2BH4  B12H12  •  +4H2 

The  reagents  are  refluxed  under  nitrogen  until  hydrogen 
evolution  ceases.  The  solution  is  cooled  and  solid  Na^B^H^'  diglyme 
is  filtered  and  dried.  The  product  is  recrystallized  from  water  several 
times  for  a  diglyme-free  salt  (60%).  Addition  of  (C2H5 )3 NHC1  and  cooling 
causes  precipitation  of  [(C2H5)3NH]2B12H12.  It  may  be  worthwhile  to 
attempt  synthesis  of  other  salts  directly  from  the  initial  diglyme 
adduct  to  avoid  repeated  recrystall ization  to  remove  diglyme. 
b.  Synthesis  Via  Diborane 

_  9 

Various  synthesis  of  B12H12  directly  from  diborane 
are  reported  in  the  literature: 

2NaBH4  +  5B2H6  - +  13H2  (C-7) 

2(C2H5)3NBH3  +  5B2H6 - ►[(C2H5)3NHD2b12Hi2  +  1 1 H2  (C-8) 

R3N  +  B2H6 - ►(R3NH)2B12H12  (C-9) 

Synthesis  (C-7)  uses  a  high  pressure  vessel  at  180° 
for  about  10  hours.  Purification  involves  several  steps  to  give 
75-85%  yield.8 

Synthesis  (C-8)  involves  charging  a  pressure  vessel  with 
tri ethyl  amine  and  diborane  and  heating  at  180°  for  2  hours.  Purification 

O 

involves  several  steps  and  yields  83%.  (U.S.  patent  3,355,261) 

Synthesis  (C-9)  (U.S.  patent  3,265,737)  describes  a  method 
for  producing  amine  salts  directly  from  diborane  and  amine  in  a  sealed 
tube. 
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A  similar 


reaction  involves 


111  situ  preparation  of  MaB.H0 

3  o 


from  NaBH4  and  B^Hg  and  refluxing  in  diglyme;  addition  of  (CH3)3NHC1 
caused  formation  of  [ (CH3 ) 3NH32B] 2H1 2  in  65%'  yield.  The  product  is 

contaminated  by  the  B10H10"2  salt  however.9 

c •  Synthesis  Via  Alkali  Metal  Borohydride  and  Dimethyl sulf ideborane 

This  reaction  is  patented  by  Mine  Safety  Appliance  (Callery 
Chemical)  (U.S.  patent  3,961 ,01 7) : 


NaBH4  +  (CH3)2SBH3 - *  Na2B12H12  (unbalanced)  (C-10) 

This  reaction  is  carried  out  at  105-140°  in  diglyme 
solvent  in  a  steel  reactor  with  reflux  condensor.  The  mixture  is  then 
cooled  and  hexane  is  added  to  precipitate  Na^^H^,  which  has  some 
diglyme  contamination. 

d.  Use  of  Borax 

A  novel  and  large  scale  preoaration  has  been  described 
using  dehydrated  borax.10 

Borax  +  A1  (powder)  +  Na - ~Na2B12H12  <C-H) 

Directions  call  for  402g  Borax,  200g  aluminum  powder  and 
1 OOg  sodium  reacting  for  2  hours  at  620°  under  3  atmospheres  hydrooen. 

Sparingly  soluble  salts  ^2B]2^]2  and 
[(1 ,10-phenanthrolene)3Ni]B12H12  were  prepared  by  precipitation  from 
aqueous  solution.  Passage  of  a  basic  solution  of  B^H-^-2  (KOH  or  NaOH) 
through  a  cation  exchange  resin  yielded  a  strong  acid  (H30)2B12H12  from 
which  the  salt  precipitated  with  AgN03> 

3.  Coupled  Polyhedral  Boranes 

A  large  chemistry  of  oxidatively  coupled  B10H10  polyhedral  are 

known.11  Certain  salts  of  the  B^g'2  and  B^H^"4  ions  may  be  cf 
pyrotechnic  utility  (U.S.  patents  3,431,039;  3,365,275;  3,446,604). 
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4.  Polyhedral  Borane  Salts 

-2  -2 

a.  ® i o^l 0  anc*  ^12^12  i°ns 

The  polyhedral  boranes  BnHn  .  are  analogous  to  planar 
aromatic  systems  in  organic  chemistry.  The  B-jq  and  B-^  "cage"  structures 
are  unusually  stable,  the  B^?  being  somewhat  more  stable  towards  substitution 
reactions  than  the  3^. 


J10H10 


-2 


ion  ir-  a  symmetrically 
bicapped  square  anti  prism  and  is  one  of  the  few  known  chemical  species 
with  D.,  symmetry.  The  structure  has  been  confirmed  by  IR  and  Raman 

a  TO 


4,12 


1  1  n  ___  13 


spectroscopy ,  ' 'B  nmr,10  and  x-ray  crystallography  of  the  Cu  salt.14,15 
Ab  initio  self  consistent  field  (SCF)  wave  function  calculation  of 

A  considerable  derivative 


B10H10 


2  16 
properties  have  been  performed. 

-2  la 

chemistry  is  known  for  the  ion;  the  apical  hydrogen  sites 

(1,10)  are  in  general  more  reactive  than  equatorial  sites.  The  ion  is 

believed  to  be  kinetically  rather  than  thermodynamically  stabilized. 

The  ion  demonstrates  an  unusually  fast  decomposition  upon  oxidation,  which 

may  proceed  through  the  labile  apical  hydrogen  atoms. 

_2 

The  B-|2B12  10n  1S  an  ^cosa^ec*ron  ( I ^  symmetry) ,  in 

accordance  with  infrared  and  Raman  spectra.^  It  is  believed  to  be 
slower  reacting  toward  oxidation  than  the  B^  ion  (see  section  C.5.a.). 
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2_There  ^  a  great  deal  of  similarity  in  the  chemical  properties 
of  the  P1qH10  and  B12H12  ions.  Both  anions  have  unusually  good 
kinetic  stability  in  the  presence  of  acids  and  bases.  They  are  oxidatively 
and  hydrolytically  stable,  and  their  alkali-metaTsalts  are  stable  under 
vacuum  to  600  to  800°C,  respecti vely. ^ 

A  substantial  derivative  chemistry  from  substitution  on 
the  cage  is  known.  a 

D-  Synthesis  of  Polyhedral  Borane  Salts 

Synthesis  of  various  salts  of  B^H^-2  and  B]2H  “2 
generally  involves  metathesis  starting  with  the  acid,  sodium  salt, 
ammonium  or  triethylairmonium  salt,  or  by  reaction  of  amines  with 


B10H12^S^CH3^2^'  Direct  metathesis  via  base  displacement,  followed  by 
precipitation  or  evaporation,  is  possible  for  cations  of  strong  bases. 
Many  salts  can  be  prepared  by  stoichiometrically  neutralizing  the 
aqueous  acid  or  ^2^12^12  W1^  ^  a  s°luble  hydroxide  of  the 

desired  cation,  such  as  atunonium  hydroxide,  (2)  the  conjugate  Brtfnsted 
base  of  the  desired  cation,  such  as  a  free  amine,  or  (3)  a  soluble  salt 
of  the  desire  cation,  such  that  the  salt  anion  is  destroyed  during  the 
reaction,  such  as  guanidine  carbonate.  The  aqueous  solutions  of  the 


salts  may  be  evaporated  to  dryness  to  recover  the  crystalline  salt. 
Alternatively,  some  salts  may  be  precipitated  from  the  aqueous  solution 
by  a  nonsolvent  that  is- miscible  with  water.  The  salts  may  be  purified 
by  recrystall ization.  (U.S.  patent  4,135,956) 

^  Many  synthetic  routes  to  various  salts  are  viewed  in  the 
literature  ’  and  in  virtually  all  the  applicable  patents. 

c-  Properties  of  B^H^"2  and  B12H12“2  Salts 


Muetterties  reports  salts  of  alkali  metals,  transition 
metals  and  complex  ions  of  water  or  ammonia  (i.e.  [Ni ( H^O ) g ] B  H  ), 
Cs,  Tl,  tetra-n-alkyl ammonium,  trimethylsulfonium  and  quarternary 
phosphonium.  Cesium  tends  to  precipitate  double  salts  C$2B12H  *CsX, 

X  -  Cl ,  CN,  BH^,  if  sufficient  X  is  available.  Preparation  of 
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(pyridinium)2B10H10,  (quinoliniuirJgB^H^,  (2,2'-bipyridinium)2B10H10 

give  deep  yellow  crystals.  Many  simple  salts  of  metals  ard  nonmetals 

as  well  as  the  acids  are  described  in  early  DuPont  patents  [U.S.  patents 

3,148,938  (ammonia  and  hydrazine  salts  of  B,,_H  ,"2);  3,148,939  (metal 
-  2  l  u  10 

salts  of  B.|qH.|q  );  3,149,163  (amine  end  organo-substituted  salts  of 

B1 0H1 0  3,169,044  (acid  ^12^12^’  3,169,045  (metal  and  nonmetal 

salts  of  B12H12  fc)].  More  recently,  salts  of  B10H10"2  and  B12H12“2 

with  boron-containing  cations  are  described  by  Stafiej  (U.S.  patent 

3,383,399);  salts  of  guanidine  and  substituted  guanidine  with  B i qH^ 2 

by  Goddard  (U.S.  patents  4,002,681;  4,164,513;  4,130,585);  and  polyquaternary 

ammonium  salts  of  B^H-^"2  by  Ehrlich  (U.S.  patent  3,509,152). 

The  salts  of  B^H^  2  and  B^2H^2  2  are  more  water-insoluble 

if  the  cation  is  large, al though  salts  of  B10Hl0"2  are  more  water  soluble 

than  analagous  salts  of  2.  Salts  of  aquo-metal  cations  are  more 

soluble  than  similar  salts  of  amine-metal  cations.  B^H-^"2  salts  of 

smaller  organic  cations  such  as  NH4+  are  soluble  in  the  lower  aliphatic 

alcohols  (see  U.S.  patent  4,135,956).  Salts  of  Ag+,  Cu+,  Hg+2  form 

water-soluble  salts  with  no  B-H  reduction. 

The  boron  cage  structures  are  readily  identified  by  IR  spectra 

in  Nujol ,  Fluorolube,  and  KBr  pellet  by  the  B-H  stretching  frequencies 

near  2470  cm  ^  and  cage  deformation  frequencies  near  1015cm"^  for 
-2  -1  -2 

Bio^io  and  1070cm  for  B-^H^  .  The  salts  are  conveniently  analyzed 

by  boron  assay  by  oxidizing  the  cage  ion  to  boric  acid  with  a  platinum 
catalyst  in  hot  acidic  solution  and  titrating  against  the  boric  acid.^ 
Unhydrated  alkali  salts  are  thermally  stable  to  at  least 
600°C.  Most  organic  salts  are  characterized  by  a  well  defined  melting 

point  (or  autoignition,  for  the  monopropellants).  One  exception  is 

_2 

the  ammonium  salt  of  qH -] q  »  which  exhibits  a  crystallization-technique 

dependent  melting  point  (239°C  for  acetone  washed  crystal s , ~300°C  for 

1  O 

water  or  ethanol  recrystallized  material).10  The  hydrazine  salt  appears 
in  2  forms,  (N2H5)2B1QH10  and  18 
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The  toxicity  of  the  salts  appears  to  be  low  ^*2®;  that 
of  the  sodium  salts  of  both  2  and  2  is  comparable  to 

sodium  chloride.  This  is  in  contrast  to  the  high  toxicity  of  decaborane 
end  its  usual  derivatives.2^ 

D-  ignition  and  pyrotechnic  characteristics  of  POLYHEDRAL  BORANFS 

1 •  Simple  Salt  Monopropellants  and  High  Energy  Fuels 

"aczmarczyk  et  al17  report  the  aqueous  heat  of  formation  of  the 
B10H10  ion  as  +22±5  kcal/mole  and  of  the  B12H12”2  ion,  +11+10  kcal/mole. 
This  indicates  that,  depending  on  the  heat  of  formation  of  the  salt  cation 
and  the  energy  bound  in  the  crystal  lattice,  certain  of  these  polyhedral 

borane  salts  may  contain  substantial  free  energy,  i.e.,  exhibit  exothermic 
composition  per  se. 

Goddard  reports  such  B-N  monopropellant  behavior  for  the  mono, 
di“ *  and  triamino  substituted  guanidine  salts  of  B10H10'2,  which  exhibit 
heat  of  explosions  (under  argon)  of  1228,  1556,  and  1367  cai/gram 
respectively  (U.S.  patents  4,164,513  and  4,130,585).  The  calculated 
heat  of  formation  of  the  triaminoguanidine  salt  is  substantially  positive. 
Other  simple  salts  which  should  contain  substantial  internal  energy 
include  hydrazine,  substituted  hydrazine,  and  hydroxylammonium  salts 
of  both  polyhedral  ions. 

High  energy  fuels  include  almost  any  salt  containinn  the 
_2-2 

B10H10  or  B12H12  ion’  but  the  most  energetic  should  include  ammonium 
and  substituted  ammonium  (U.S.  patents  3,148,938;  3,149,163;  3,169,845), 

gjanidine  (U.S.  patent  4,002,681),  and  those  with  boron-containing 
cations  (U.S.  patent  3,383,399).  The  more  stable  should  include 
alkali  and  alkaline-earth  metal  salts  and  quaternary  ammonium  salts. 

2.  Double  and  Complex  Salts 

As  reported  by  Muetterties ,4  cesium  tends  to  precipitate  double 
salts  (see  Section  C,4,c);  if  the  attending  anion  is  an  oxidizer,  a 
molecular  monopropellant  results.  Known  double  salt  monopropellants 
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of  this  type  include  Cs^qH^-CsNC^  (U.S.  patent  3,107,613), 

Cs2B12H12‘CsN03  ^U,S-  Patent  3,184,286)  and  (Cs2B1QH10)2Cs2Cr207  (U.S. 
patent  3,256,056).  The  nitrate  double  salts  exhibit  very  fast  reaction; 
in  squibs,  the  B]0  function  time  is  reported  to  be  about  30  times  faster 
than  the  material . 

The  dichromate  double  salt  is  a  slow  burning,  gasless  delay 
mix.  Burning  rates  in  drawn  cords  (0.15  to  0.25  in  dia)  are  in  the 
range  of  0.4  inches  per  second. 

Another  class  of  complex  salts  consisting  of  complexed  ions 
of  cobalt  and  chromium,  polyhedral  boranes,  and  oxidizer  have  been 
patented  (U.S.  patent  3,411,890).  Representative  compounds  include 
the  following: 

[Co(NH3)5N03]B10H10(N03)2 

[Co(NH3)6]B12H12(N03)4.4H20 
[C°(NioH8N2 )3^B10H1 q(C1  °4 ) 


°r2^NH3^10^NQ3^4B10H10 

These  are  believed  to  be  (possibly)  detonating  materials  useful  as 
ignition  and  primer  explosives. 

3-  Pyrotechnic  Compositions  Incorporating  Polyhedral  Boranes 
Physical  blends  of  simple  B1()H10"2  and  B^,,'2  metal  salts, 
primarily  cesium,  were  characterized  in  early  work  at  DuPont  (U.S.  patent 
3,126,305).  Linear  burning  rates  as  high  as  12,000  inches  per  second 
were  reported  for  compositions  in  cord  form. 

Similar  fast  burning  materials  based  on  the  ^ i qH i q  ^  ion  were 
explored  in  some  detail  in  the  1950's,  70's,  and  continuing  to  the  present 
by  Teledyne  McCormick  Selph  (Hollister,  California).  Some  specialized 
materials  are  marketed  under  the  tradename  HI VELITE .  Goddard  and  Thrasher 
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characterized  physical  blends  of  nonmetallic  salts  of  B1()H10'2  with  common 
jxidizers.  A  coprecipi tation  process  was  developed  that  produced  uniform 
and  reproduceable  high  burn  rate  ignition  materials  (U.S.  Patent  4,135,956). 
Specific  compositions  reported  include: 

25%  Cs2B1qH10  /  75%  KN03 

15%  [ (CH3)4N]2B1 qH10  /  85%  KN03 

15%  C(NH2)3C]2B10H10  /  85%  [(NH2)3C]N03 
25%  (NH4)2B10H10  /  75%  NH4N03 

A  wide  range  of  heats  of  reaction  and  gas/solid  combustion  product  ratios 

were  obtained.  Burn  rates  in  cord  form  were  in  the  10,000  in/sec  category. 

Similar  coprecipitated  compositions  were  reported  for  the  triaminoguanidine 

salt  of  B1qH10'2  with  triaminoguanidine  nitrate  (U.S.  patent  4,172,743). 

Applications  of  these  materials  in  ignition  systems,  transfer  ordnance,  and 

23 

propellants  were  numerous.  Ammunition  ignition  applications  are  re- 

24  25 

ported,  ’  including  linear  primers  for  large  caliber  guns  (U.S.  patent 
4,080,902),  propellant  coatings  (U.S.  patent  4,089,716),  and  consolidated 
grains  incorporating  integral  ignition  compounds  (U.S.  patent  4,094,712). 

The  higher  burn  rates,  10,000  in/sec  and  up,  place  these  materials 
in  a  unique  category  of  compounds  having  propagation  rates  midway  between 
deflagration  and  detonation.  The  non-detonating  high  burn  rates  have 
been  confirmed  in  limited  testing  at  Lawrence  Livermore  Laboratory.2^ 

4 .  Government  Programs  Using  Polyhedral  Boranes 

Several  Recent  government  programs  have  used  decahydrodecaborates 
(supplied  by  Teledyne  and  R  &  N  Chemical/Roberts  Research)  in  ignition  and 
propellant  applications.  A  major  problem  with  some  ^ g gH g q  containing  salts 

appears  to  be  sensitivity  (impact,  friction,  and  especially  static).  The 
sensitivity  of  materials  tested  to  date  is  of  such  a  magnitude  as  to  possibly 
preclude  generalized  service  use  as  a  bulk  ignitor  material.  No  systematic 
exploration  of  B12H12  2  and  the  B2Q  anions  comparable  to  that  done  on  the  B1Q 
family  has  been  performed. 
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a.  ARRADCOM 

1 )  Large  Caliber  Soft  Recoil  Igniter 

A  program  within  LCWSL  has  been  under  way  since  1975  to 
develop  reproduceable  ignition  in  the  Large  Caliber  Soft  Recoil  System. 

Mr.  Sid  Bernstein  of  ARRADCOM  reviewed  the  program  with  BDM;  no  report  has 
been  published.  Two  series  of  test  firings  were  conducted  using  an  XM119 
center  core  igniter  configuration  that  incorporated  strands  of  HIVELITE 
(metal  encapsulated  proprietary  ignition  compositions  based  on  B10H10~2  manu¬ 
factured  by  Teledyne  McCormick  Selph)  in  various  geometries. 

In  a  first  series  of  tests,  long  (about  24")  HIVELITE 
strands  were  placed  in  the  axial  sausage  bag  with  Class  3  black  powder;  the 
breech  ends  protruded  into  the  base  ignition  pad.  A  limited  series  of 
fi. ings  indicated  that  normal  ignition  delays  of  60  msec  were  reduced  to 
20-30  msec  with  very  good  reproduceabil ity  across  the  temperaure  range. 
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test  shots,  stick  propellant  in  the  center  core  in  place  of 
ve  20-30  msec  (+1.5  msec  deviation)  ignition  delays. 

A  second  series  of  about  40  firings  was  conducted  using 
a  similar  configuration  of  6  or  7  HI VELITE  strands  without  a  base  pad.  The 
strands  were  arranged  in  a  hex  pattern  on  the  base  closure.  No  black 
powder  base  pad  was  used.  Class  5  BP  was  used  in  the  sausage  bag.  The 
HIVELITE  strands  were  difficult  to  ignite  in  this  configuration,  and 
misfires  occurred.  The  tests  were  inconclusive  as  to  the  contribution  of 
HIVELITE  in  reducing  ignition,  delay,  as  it  is  known  that  class  5  BP  also 
reduces  delay. 

In  further  testing,  strands  of  PETN  and  dextrinated 
lead  azide  mild  detonating  fuse  (MOF)  were  used  with  black  powder  and  found 
to  give  reduced  ignition  delays  with  good  uniformity. 

The  conclusions  reached  by  the  experimenters  were  that 
reduced  ignition  delays  and  uniformity  for  large  caliber  soft  recoil 

applications  could  be  accomplished  cheaper  and  easier  with  methods  other 
than  HIVELITES. 

2)  Telescoped  Ammunition  Ignition 

In  a  series  of  tests  conducted  at  Frankford  Arsenal,28 
"AMMOLITE"  ignition  materials  (Teledyne  McCormick  Selph  propreitary  com¬ 
positions  based  on  B^q"2)  identified  as  #'s  300432  and  300473  were 
evaluated  for  use  in  medium  caliber  telescoped  ammunition.  These  are 
described  as  fine  powders  with  heats  of  explosion  of  717  and  1348  cal/gram 
respectively  and  high  temperature  stability.  Characterization  tests  in¬ 
cluding  hygroscopicity,  IR  spectra,  and  DSC  were  run  by  ARRADC0M.  The 
300432  material  was  found  to  have  relatively  high  hygroscopicity. 

The  AMM0LITES  were  evaluted  in  comparison  to  black  powder 
and  BKNO3  in  a  25mm  telescoping  round  shot-start  test  fixture.  Principal 
test  data  results  are  stated  as  follows: 
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Charge  Extreme  Temp.  Extreme  Temp.  Action 

Weight  Pressure  Variation  -  Time  Variation 

(Grains)  -65°  to  165°F  (p.s.i.)  -65°  to  165°F  (msec) 


<NC3  (2K) 

7.7 

2939 

0.69 

Class  3  B.P. 

13.8 

4230 

0.51 

Class  5  B.P. 

10.5 

2300 

0.19 

'MS  300,432 

5.6 

2180 

0.09 

'MS  300,473 

3.1 

2282 

0.05 

Conclusions  from  the  studies  were  that  the  "...tests  have  shown  that  the 
Ammolite  materials  examined,  when  used  in  telescoped  ammunition,  are  capable 
of  providing  more  consistently  reproducible  projectile  seating  action  times 
over  the  temperature  extremes  than  either  black  powder  or  boron/potassium 
nitrate  igniters.  Also,  the  required  charge  weights  for  the  Ammolites  are 
generally  much  less  than  the  other  igniters  tested." 

3)  Ballistic  Research  Laboratory 

A  series  of  high  burn  rate  propellants  were  developed 
by  the  Interior  Ballistics  Division  of  BRL  for  use  in  a  40mm  hypervelocity 

O 

travelling  charge  experimental  gun.  The  compositions,  based  on  B10H10 
salts  and  various  combinations  of  oxidizers  and  binders,  were  developed  in 
cooperation  with  Mr.  Ray  Price  of  the  Naval  Weapons  Center/China  Lake  and 
Teledyne  McCormick  Selph.  A  high  burn  rate  combustor  was  used  to  measure 
consumption  rates  of  pressed  pellets.  Burning  rates  on  unconfined  pellets 
of  eight  different  compositions  were  estimated  as  follows:  28;  60;  169; 

614;  1380;  2330;  3488;  and  10,600  inches  per  second.  Buring  rates  for 
pellets  with  circumferential  confinement  were  30  to  130%  higher  than 
unconfined  pellets  of  the  same  material.  Experimental  measurements  of 
impetus  were  50-70%  of  theoretical. 
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Such  compositions  might  be  very  useful  as  HIDEF  experi¬ 
mental  materials  because  of  the  intermediate  burn  rates  observed, 
b .  Air Force  Armament  Laboratory '(AFATL) 

The  Ballistics  Branch  of  the  Guns,  Rockets,  and  Explosives 
Division  of  AFATL  has  had  medium  (20-40mm)  caliber  propellant  ignition 

studies  ongoing  for  almost  a  decade.  Theoretical  and  experimental  work  has 

29 

been  contracted  to  OEA,  Inc.  (Denver,  CO).  OEA  conducted  a  recent  series 

of  tests  on  ignition  of  deterred  triple  base  propellant  in  the  GAU-8  round 

using  perforated  flash  tubes  containing  various  types,  configurations,  and 

quantities  of  ignition  materials.  Among  materials  tested  were  A4  black 

powder,  BKN0-, ,  ITLX  detonating  cords  (1/8"  dia),  HIVELITE  part  numbers 
^  31 

134024  and  300435  (Teledyne  McCormick  Selph).  The  objective  of  the  develop¬ 
ment  testing  was  to  reduce  action  times  on  the  deterred  tri-base  GAU-8 
round  to  the  order  of  3  milliseconds.  In  56  firings  between  Sept  1978  and 
Feb  1979,  only  the  ITLX  (833  mg  load)  and  HIVELITE  134024  (733  rng)  gave 
the  desired  performance. 

In  a  second  series  of  tests  conducted  at  Eglin,  a  test 

fixture  was  developed  to  observe  and  measure  luminosity  (intensity,  dura- 

32 

tion)  in  the  medium  caliber  ignition  sequence.  No  published  report  is 

available.  The  general  conclusions  were  that  HIVELITE  performance  was  on  a 

par  with  ALCL0.  Both  were  substantially  better  than  BKNO^,  which  in  turn 

was  better  than  black  powder. 

An  additional  study  was  done  at  Eglin  to  characterize 

HIVELITE  propellant  igniter  material  134473  and  a  granulated  version  of  it, 

as  well  as  propellant  burning  rate  modifiers  510104  and  134465,  to  modify 

33 

burning  rates  of  nitrocellulose  and  nitrocellulose/HMX  propellants. 


Increases  in  burn  rates  up  to  50%  were  observed. 

c.  Naval  Surface  Weapons  Center  (NSWC) 

1 )  EX  164  Electric  Primer 

A  true  HIDEF  ignitor  is  being  developed  for  limited  pro¬ 


duction  for  the  5"/54  gun  at  NSWC  by  East,  McClure,  and  Burrell,  culminating 


an  8  year  effort  to  characterize  ignition  phenomena  and  develop  a  high 
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performance  igniter.  The  current  configuration  uses  a  central  HNS 

lead  jacketed  mild  detonating  cord  as  the  linear  propagation  element;  it  is 
surrounded  by  pellets  of  HIVELITE  (Teledyne  McCormick  Selph  part  no.  300435) 


PRIMER  UOCK 


IGNITION  FERRULE 


COMPRESSION  SPACER 


IGNITION  PELLET 


SPACER 


LOCKING  COLLAR 


IGNITION  ELEMENT 


EX  164  ELECTRIC  PRIMER 
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A  standard  electric  primer  for  the  MK1  MODI  is  used. 

The  flash  from  the  black  powder  charge  in  the  primer  is  picked  up  by  a 
booster  assembly  (lead  azide/PETN)  that  ignites  the  MDF  cord.  The  cord  is 
surrounded  by  pressed  pellets  about  0.3  in  diameter  made  from  a  pyrotechnic 
mix  containing  cesium  decahydrodecaborate  ( CS2B1  qH-j q )  and  potassium  nitrate. 44 
The  active  ingredients  are  housed  in  an  extruded  nitrocellulose  primer  tube. 

The  complete  assembly  is  called  the  Rapid  Ignition  Propagation  (RIP) 
igniter. 

Comparative  tests  at  Dahlgren  showed  the  RIP  igniter 
was  superior  to  igniters  with  black  powder,  MDF/ b I ac k  powder,  and  MDF/ALCLO 
materials  in  reducing  pressure  transients  and  propellant  bed  movement  in 
the  chamber.  The  RIP  igniter  achieved  a  dramatic  reduction  in  acceleration 
loads  on  the  projectile  base. 

As  part  of  the  EX  164  primer  development,  a  series  of 
characterization  tests  on  the  ignition  material  300435  were  done  at  ARRADCOM.42 
The  tests  included  impact,  friction  and  electrostatic  sensitivity;  vacuum 
stability;  autoignition  temperature;  detonation  velocity;  density;  DTA/TGA; 
physical  stability;  effect  of  moisture.  No  detonation  was  observed  when 
pressed  pellets  were  ignited.  Deflagration  rates  of  about  12,000  in/sec 
were  observed.  Thermal  stability  data  (vacuum  stability  and  TGA)  suggested 
some  instability  at  elevated  temperatures  (TGA  showed  a  6%  weight  loss 
between  190  and  370°C).  The  material  was  exceptionally  friction  and  static 
sensitive  (^9000  ergs)  and  was  also  quite  impact  sensitive  (10%  point  - 
6  in,  P.A.  apparatus).  The  composition  was  hydroscopic  and  possible  deliques¬ 
cent  at  very  high  humidities  (90-99%). 

Compatibility  tests  between  the  HIVELITE  and  components 
43 

of  the  EX  164  were  conducted  at  NSWC.  No  incompatibilities  between 
HIVELITE  and  any  of  the  proposed  EX  164  components  in  contact  with  it  were 
observed.  There  was  a  possible  problem  between  HIVELITE  and  cellulose 
acetate  butrate  tubing  which  was  originally  considered  as  the  primer  tube. 
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2)  FILMBAL  Propellants 

A  series  of  fast  burning  propellants  were  developed  and 
characterized  by  the  Weapons  Systems  Department  of-NSWC  in  support  of  the  3- 

mch  Lightweight  Intermediate  Caliber  Gun  System  ( LICGS ) . 44  These  incor- 

-2 

porated  coprecipitated  B1QH-|0  ignition  compositions  with  nitrocellulose 
binders.  Burn  rates  for  propellant  type  1  were  20-50  inches  per  second 
with  an  apparent  negative  pressure  exponent.  Propellant  type  2  burn  rates 
were  140-250  inches  per  second  with  a  positive  pressure  exponent. 

E.  AVAILABILITY 


At  present  there  are  (at  least)  three  producers  of  basic  polyhedral 
borane  and  pyrotechnic  materials: 

•  Callery  Chemical  Company  (Division  of  Mine  Safety  Appliances  Co., 

Callery,  PA).  ^  salts.  No  pyrotechnic  or  explosive 

materials.  Patented  and  licensed  products  are  indicated  in 

Section  B. 

•  Teledyne  McCormick  Selph  (Hollister,  CA).  B1()H10“2  salts  and 
pyrotechnic/ignition  compositions  based  on  them  (some  of  which 
are  marketed  under  the  tradename  HIVELITE) .  Patented  and  known 
licensed  products  are  indicated  in  Section  B. 

•  R  &  N  Chemical/Roberts  Research  (Hollister,  CA).  Certain  types 

0<:  B10H10  ’  ^12^12  an(^  Pyrotechnic/ignition  compositions. 

A  limiting  factor  in  any  future  large  scale  production  of  polyhedral 
boranes  is  the  availabl il ity  of  starting  materials.  The  most  convenient 
starting  material  is  decaborane,  B^H^,  which  until  recently  was  available 
only  in  small  (10  lb)  quantities  at  about  $2500/ 1  b  from  a  sole  supplier 
(Callery  Chemical  Co.).  Discussions  with  Dr.  Niles  White  at  MIC0M  revealed 
that  the  U.  S.  Army  has  recently  brought  on-line  a  carborane  plant  at 
Callery  that  uses  a  continuous  vapor  phase  pyrolysis  to  convert  diborane  to 
decaborane  in  parallel  unit  reactors. ^  The  present  facility  is  sized  for 
15,000  lb/year  with  expansion  potential  to  30,000  lb/year.  The  projected 
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cost  at  the  lower  production  figure  is  about  $500/ 1 b  in  FY  '80.  Using  the 
following  estimates  of  conversion  efficiencies  and  stoichiometry, 

93%  yield 


25%  B1QH10  salt 

the  price  of  the  polyhedral  borane  per  pound  of  igniter  composition  is 
about  $42.  If  3  oz  are  required  per  large  caliber  round,  the  basic  borane 
material  cost  per  round  is  less  than  $8,  a  not  at  all  unreasonable  amount 
considering  the  cost  of  advanced  ammunition.  Other  synthetic  routes  not 
involving  decaborane  as  an  intermediate  could  possibly  produce  substantially 
cheaper  material . 


B 1 0  H 1 4 


B10H10 


-2 


Cs2B10H10  :  30‘8'°  B10H10 


25%  Cs2B1qH10/  75%  KN03 
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3,  (07.(113 

IlOltON  COMPOUND 

'Job.'rt  K.  Armstrong,  Cl.issbnro,  NJ.,  David  C.  Fug- 
land,  Wilmiiiglim,  Del.,  (Icorge  \V.  i'.irsliall,  l.tindou, 
I  iigljnd,  and  Donald  N.  Thatrher,  1'ilin.rn,  NX,  as¬ 
signors  lo  l„  1.  du  Pont  de  Nemours  "ml  Company, 
AYilniingfn  a,  Del.,  a  corporation  of  Delaware 
Filed  Fell.  17,  1961,  Scr.  No.  90,143 
7  Claims.  (Cl.  102—28) 

The  prevent  invention  relates  to  a  novel  !>oron  com¬ 
pound  and  to  its  preparation.  More  particularly  this  in¬ 
vention  relates  to  a  double  salt  of  cesium  nitrate  ar.J 
cesium  rfccnlij'drodccaborate  represented  by  the  formula 
CsN’Oj'C!;U|0H|0  (hereinafter  sometimes  referred  to  sim¬ 
ply  as  the  "double  salt"). 

Conveniently,  the  double  salt  of  this  invention  is  pre¬ 
pared  by  reacting  a  boron  hydride  amine  salt  having  the 
formula  (IIjNUJ-I^oIIu).  wherein  R  is  hydrogen  or  a 
lower  alkyl  radical  with  a  nitrate  and  a  cesium  salt,  e  g. 
cesium  nitrate,  cesium  carbonate,  or  cesium  fluoride. 
The  boron  hydride  amine  salts  can  be  prepared  by  re¬ 
acting  two  moles  of  a  primary,  secondary,  or  tertiary  alkyl 
a-nine  or  of  ammonia  with  I  mole  of  a  dccaboryl  bis 
(alkyl  sulfide),  c.g.  dccaboryl  bis(dimelltyl  sulfide)  as 
described  in  detail  in  copenJing  applications  Serial  N’o. 
6.S54  filed  February  5.  I960  and  Serial  No.  6,853  filed 
.February  5,  1960  in  the  name  of  \V.  H.  Knotrt,  Jr.  and 
cssigncd  to  the  present  assignee.  The  amine  salt  also  can 
Ibe  prepared  by  reflusing  with  a  lower  alkyl  tertiary 

/amine  in  benzene  for  several  hours,  cooling  the  mixiure, 
[adding  acetone  and  filtering;  out  the  desired  amine  salt. 

The  preferred  solvent  system  for  use  in  preparing  the 
double  salt  of  cesium  nitrate  ar.d  cesium  decahydrudcca- 
borate  is  water.  The  double  salt  is  insoluble  in  solvents 
such  as  lower  alcohols,  ketones,  and  the  like.  However, 
it  is  soluble  in  a  more  polar  solvent  such  as  water  or 
acetic  acid.  For  this  reason,  a  binary  solvent  system  may 
be  desirable  so  that  one  component  will  maintain  the  un- 
reactcd  ions  in  solution  while  the  other  component  will 
cflcct  precipitation  of  the  product.  Solvent  systems  which 
hive  been  vised  include  water  with  959b  ethanol,  and  ace¬ 
tic  acid  with  959c  ethanol.  However,  the  salt  is  stable 
at  temperatures  up  to  420*  C.  and  tan  be  isolated  from  the 
reaction  mass  by  imple  evaporation  of  the  solvent.  The 
mode  of  recover,  'lie  double  salt  is  not  critical  and  will 
vary  from  case  to  si.se  depending  upon  the  other  ions 
present  in  solution,  the  characteristics  of  the  solvent  used 
in  its  preparation,  etc. 

Alternatively,  the  double  salt  can  be  prepared  by  react¬ 
ing  a  boion-cont jininp  acid  represented  as  a  bydronium 
compound,  i.e.,  by  the  formula  (H3O):nl0K,0’(H;O)n. 
where  in  is  0  or  a  positive  integer  with  nitric  acid  and  a 
cesium  compound.  The  bcron-containing  acid  may  be 
prepared  by  treating,  at  temperatures  between  O’  C  and 
100*  C.,  an  aqueous  solution  of  a  boton  hydride  amir.e 
sail  having  the  formula  (RjNHljllioHu,.  where  R  is  hy¬ 
drogen  or  nr*  alkyl  radical,  with  an  ion  exchange  rcrin 
capable  of  replacing  the  amine  cations  by  hydrogen,  e.g. 
a  copolymer  base  of  Myrene  cross-linked  with  divinyl- 
benzene.  sulfonatcJ  to  introduce  sulfonic  acid  groups  into 
the  aryl  ruckus  as  iwslur  groups.  The  Imron-eontaiaing 
acid  can  he  isolnteJ  from  the  aqueous  effluent  by  evapora¬ 
tion  of  the  water  ut  elevated  temperatures,  c  g,  30-40*  C., 
prefrrsHy  tinder  reduced  pressure  (0.1-5  nun.  of  mer¬ 
cury  1.  A  more  detailed  diseitvsi.ui  of  the  picpai  atuin  of 
the  r.cij  is  di'cloiej  in  r.  'pending  ap.pli.  atuin  Serial  No. 
6.K55  tiled  1  chricry  5,  i  :\>0  in  the  name  of  W.  11.  Knoth, 
Jr.  enj  assigned  to  the  present  n:  signee, 

lr,  prep. .ring  the  double  salt,  iiqueous  solutions  of  tlsc 
cesium  salts  a.e  uu.  in  whkli  the  cesium  k  :>*;  »'  to 


the  extent  of  at  least  liircc  equivalents  of  cesium  per 
equivalent  of  the  dceahydrodccabcric  acid. 

•)lic  combination  of  the  cesium,  nitrate,  and  dccahydro- 
•Iccarboratc  tons  to  form  the  double  salt  occurs  at  room 
5  temperature  (20-25*  C.).  When  the  double  salt  is  pre¬ 
pared  from  the  boron  liyJii-.lc  amine  fait,  a  water-soluble 
nitrate  and  a  cesium  salt,  heating  is  desirable  to  drive  oil 
volatile  compounds  such  as  the  free  amine,  ammonia,  and 
carbon  dioxide.  The  hc..!ing  serves  to  effect  more  clli  rent 
jq  recovery  of  the  double  sail  from  the  reaction  mass  rnd  to 
eliminate  tedious  separation  of  the  double  salt  from  ether 
compounds  which  otherwise  might  be  coprecipitntcd.  At 
temperatures  below  0*  C  the  mobility  of  the  irr.s  lessens 
so  that  the  reaction  rate  is  decreased  and,  additionally, 

J5  recovery  of  the  double  salt  from  the  reaction  mass  is  more 
involved. 

The  double  salt  of  this  invention  is  stable  indefinitely 
at  room  lempcrqtnre.  Surprisingly,  it  also  is  stable  when 
heated  without  exposure  to  flame  to  temperatures  up  to 
20  4?0*  C.  even  though  it  ignites  easily  when  held  in  an  open 
flame. 

Significant  bands  found  in  the  infrared  absorption 
spectrum  of  the  double  salt  are  very  strong,  conventional 
inorganic  nitrate  bands  at  7.3  and  12.1  microns,  absorp- 
25  tion  peaks  with  shifting  at  9.55  and  9.80  microns,  which 
bands  are  indicative  of  the  RiCH|0  nucleus,  and  a  splitting 
found  at  approximately  -AO  microns  indicative  of  a  disturb¬ 
ance  in  the  B — H  stretch,  which  disturbance  demon¬ 
strates  that  a  true  molecular  compound  is  formed. 

30  The  following  examples  :n  which  parts  are  given  by 
weight  illustrate  specific  embodiments  of  the  present  in¬ 
vention. 

Example  1 

A  solution  of  6.4  parts  of  triethylammonir.m  decakydrcr- 
decaboratc  and  1.7  para  of  sodium  nitrate  in  50  parts  of 
water  was  filtered  and  a  solution  of  9.S  parts  of  cesium 
carbonc’c  ir.  30  parts  of  water  was  added  to  the  filtrate.  A 
precipitate  formed,  but,  upon  heating  on  a  steam  bath,  it 
dissolved  la  form  a  clear  solution.  Ethanol  (9592)  was 
added  to  the  hot  solution  until  it  became  turbid,  and  the 
reaction  mixture  was  cooled  further  in  an  ice  bath.  The 
cooled  mixture  was  filtered  and  the  residue  dried.  There 
was  obtained  5.65  parts  of  white,  fibrous  solid  which  on 
analysis  was  shown  to  be  CsNOj  Cs;I3,0H]o. 

Analysis. — Calculated  for  Cs:1IuiH|0NOj:  C 5.  68.99b; 

I  The  infrared  absorption  spectrum  obtained  with  this  % 
jtjlmixed  salt  was  very  clean  and  characterized  by  splitting  2t  U 
|4.0  microns  and  peaks  at  7.3,  12.1,  9.55  and  9.S0  micror.s.  y 
EThc  mixed  salt  was  differentiated  from  a  simple  mixture 
lof  its  components  by  the  X-ray  diffraction  pattern  and  r( 
Fby  the  ifrared  r  per  Jr  urn. 


A  solution  of  100  parts  cf  tricthylammonium  dccahy- 
drnlocaborale  in  200  parts  of  water  was  prepared,  and 
the  resulting  solunon  was  filtered  to  remove  a  very  smell 
amount  of  insoluble  material.  A  solution  of  24.9  parts 
of  NaOH  in  100  parts  of  water  was  added  to  the  filtrate. 
The  mixture  then  was  heated  on  a  steam  hath  for  1.5 
hours  to  drive  off  extraneous,  caiily  vaporized  materials 
such  as  the  tricthylaminc  displaced  from  the  amine  salt. 
A  solution  of  26.5  parts  of  sodium  nilrulc  in  50  parts  of 
water  w-.s  added  to  the  hot  solution,  and  then  a  solution 
of  153.2  parts  of  cesium  carbonate  dissolves!  in  100  parts 
of  water  was  ,-u’dcd.  After  adJitiuu  of  360  ml.  of  water, 
the  mixture  was  filtered,  enJ  the  residue  dried  in  air. 

-Q  ‘Hie  resiJnc  consisted  of  135.4  parts  of  the  double  sale 
of  cesium  nitrate  nml  cesium  dccu’iydrohorale  Hie  iJen- 
ti'.y  of  the  product  wav  confirmed  by  infrared  analysis. 
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Example  3 

To  twenty-five  par is  of  aqueous  (I  l]O)ill|0li|0‘(H}O)m 
containing  U.U37  inclr  of  ncid  v.ns  ^ Jilcc!  30  milliliters  of 
acetic  ncid,  and  the  mixture  was  cooled  to  approximately 
3*  C.  One  part  of  VO'o  r.ibieac-J  in  10  parts  of  acetic  ® 
acid  was  added  diopwisc  to  the  mixture.  The  resulting 
solution  was  stirred  overnight  while  it  came  to  roam  tem¬ 
perature.  Upon  neutralization  ol  the  solution  with  ex¬ 
cess  cesium  carbonate,  white  needles  of  the 

10 

Cs.  'Oj  ’CS;Il|^Hi| 

were  formed  which  were  subsequently  filtered  from  the 
mother  liquor,  then  reel  y'.lalhzcd  from  957o  ethanol,  and 
dried  in  air.  The  identity  of  the  corr.p-OLnd  was  con¬ 
firmed  by  infrared  and  elemental  analysis.  15 

The  double  salt  thus  pioiiuecu  lias  several  properties 
which  ir.akc  it  \cry  useful  for  use  as  an  ignition  agent  in 
electric  blasting  c..ps.  Tor  example,  in  electric  bias' ing 
caps  to  be  used  for  certain  special  purposes,  such  as  seis- 
Biographic  exploration,  the  accuracy  of  the  work  is  de-  " 
pendent  upon  knowledge  of  the  instant  of  detonation. 

At  present,  lead  styphnate  is  a  preferred  composition  for 
such  uses  because  it  is  considered  "fas:."  However,  lend 
styphnate  is  known  to  be  highly  sensitive  to  igniiion  by  nr 
discharges  of  static  electricity  and,  accordingly,  must  be 
handled  v.ith  extirm;  caution. 

The  double  salt  of  cesium  nitrate  and  cesium  dccahy- 
drodecaborate  bas  been  found  to  be  very  insensitive  to 
ignition  by  discharges  of  static  electricity  and,  at  the  same 
time,  to  he  ienitable  with  sufficient  rapidity  to  meet  the 
requirements  of  a  “fast"  ignition  charge. 

To  evaluate  the  performance  of  the  double  salt  of  ce¬ 
sium  nitrate  and  cesium  decahydrodecaborate,  electric 
blasting  caps  were  picparcd  having  the  design  illustrated  3- 
in  the  accompanying  drawing.  Referring  to  the  drawing, 
the  electric  blasting  cap  comprises  a  shell  1 1  having  an  in¬ 
tegral  closed  end.  Adjacent  the  end  is  loaded  a  base 
charge  12.  Such  base  charge  may  consist  of  anyexplo- 
-  sivc  conventionally  employed  for  such  purposes,  such  as  ^r, 
cycloirimeiliylcnetrinilrantine,  pentacrythritol  tctranilrate, 
picric  acid,  trinitrotoluene,  tctryl  or  mixtures  thereof. 
Above  base  charge  12,  is  primer  charge  13  which  may  be 
any  of  the  primary  explosives  (highly  sensitive  to  flame 
and/or  shock)  conventionally  employed,  e  g.  lead  azide  45 
or  mercury  fulminate.  Above  primer  charge  13  is  the 
loose  igniting  charge  14  which  in  this  case,  consists  of  the 
double  salt  of  cesium  nitrate  and  cesium  decahvdro- 
dccaborate.  A  bridgeware  15  connecting  the  terminals  of 
lead  wires  16  is  embedded  within  the  ignition  composition  50 
14.  The  shell  11  is  sealed  with  rubber  plug  17  which 
also  holds  the  lead  xvirc»  16  firmly  in  position.  Alterna¬ 
tively,  other  conventional  shell  scaling  means  may  be  sub- 
stituicd  for  the  rubber  plug  17. 

Example  4 

A  scries  of  electric  blasting  caps  w-cre  assembled  as 
illustrated  in  the  attached  drawing.  The  shell  was  of 
bronz:  and  was  Hi  inches  long  with  an  outer  diameter 
of  0.272  inch  and  an  average  inner  diameter  of  0.26  inch.  CO 
Into  this  shell  was  loaded  approximately  4.9  grains  of 
pentacrythnto!  tctranilrate  pressed  at  225-250  lbs.  Im¬ 
mediately  above  this  base  charge,  approximately  2.2 
grains  of  lead  a/jdc  v.as  loaded  and  pressed  at  about  200 
lbs.  Two  grains  of  the  loose  double  salt  of  cesium  ni-  03 
Irate  nnd  cesium  dccaliydrodecaborate  was  inserted  as  the 
ignition  charge.  A  conventional  rubber  plug  assembly 
was  inserted  i,t  which  a  0.0019  inch  diameter  SO/20 
rickcl  chromium  bridge  wire  (resistance,  1.37±0.50f!) 
was  soldered  to  the  lead  wires  separated  to  provide  a  U  70 
Inch  span  and  projecting  !i  inch  front  the  base  of  the 
rubber  play.  1  he  lead  w  ires  contained  in  the  rubber  plug 
were  of  20  gage  copper  insulated  by  nylon.  After  the 
cap  was  loaded  and  the  pi u ;;  In: cited,  ilncc  peripheral 
cttnips  wric  made  in  the  shell  wall  to  »eal  the  plug.  76 
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To  lest  for  static  icshlancc,  the  lead  wires  of  a  thus 
nssemblcd  cup  were  tw  isted  together  and  connected  to  the 
high  voltage  I'.rn’lnal  of  "Icg-lo-shcir  static  sensitivity  ap¬ 
paratus  consisting  essentially  of  a  source  of  variable  soil¬ 
age  and  a  series  of  microniicrofarad  condensers  ranging 
in  capacilancc  from  25T-2000  yyl.\  the  shell  of  the  cap 
was  connected  to  a  ground  line.  Voltages  from  0  to 
30,009  volts  were  applied  to  a  condenser  of  known  ca¬ 
pacitance  in  increments  of  1,000  volts  and  the  condenser 
was  allowed  In  discharge  through  the  cap.  Tne  cap  did 
not  detonate  at  the  upper  limit  of  the  machine,  c.g.  at 
voltages  of  30,0  )0  soils  applied  through  a  2000  pyl.  con¬ 
denser,  indicating  that  the  double  salt  has  a  static  resist¬ 
ance  greater  th..n  77.503  man-equivalent  volts  (m.c.v.). 
When  the  cap  svas  disconnected  front  the  italic  testing 
apparatus  and  the  lead  svircs  connected  in  a  conventional 
blasting  circuit,  ignition  occurred  within  0.0S2  millisecond 
svith  the  passage  cf  a  5  ampere  (6.S5  volts)  firing  current 
through  the 'bridge  wire  of  the  cap. 

Similar  caps  con’.aining  lead  styphnate  as  the  igniiion 
charge  customarily  detonate  in  the  static  lest  when  a  po¬ 
tential  of  4, COO  volts  is  applied  through  a  2,000  ppt.  con¬ 
denser  indicating  a  static  resistance  of  5630  m.e.v.,  and  the 
igniiion  time  is  approximately  0.3  millisecond,  which  is 
almost  4-fo!d  longer  than  caps  with  the  aforedese  bed 
double  salt. 

.Another  important  characteristic  of  the  double  rah  of 
cesium  nitrate  and  cesium  decahydrodecaborate  as  an  ig¬ 
nition  charge  is  its  stability  at  elevated  temperatures. 
Although  it  is  easily  ignited  by  an  incandescent  resistance 
v.-ire,  an  arc  discharge,  or  an  “exploding  bridge  wire,"  the 
salt  has  been  found  to  be  stable  in  the  absence  of  flame 
up  to  its  very  high  melting  point.  When  the  double  salt 
was  heated  on  a  hot  metal  bar  to  temperatures  up  to  420* 
C.,  no  evidence  of  decomposition  was  noted.  Tbc  sig¬ 
nificance  of  this  may  be  more  readily  appreciated  by 
comparing  it  to  lead  styphnaie  which  begins  to  vaporize  at 
100*  C.,  with  mercury  fulminate  which  fashes  at  about 
ISO*  C'.,  and  with  diazodinilrophcrol  which  is  more  sen¬ 
sitive  to  heat  than  either  lead  styphnate  or  mercury  ful- 
minalc.  This  ability  to  withstand  high  temperatures  is 
a  desirable  characteristic  for  initiating  explosives  used  in 
oil  well  perforating  devices,  in  rocket  applications,  in  tap¬ 
ping  steel  furnaces  and  other  environments  involving  ex¬ 
posure  to  high  temperature. 

Squibs  were  also  prepared  using  the  double  salt  of 
cesium  nitrate  and  cesium  decahydrodecaborate.  The 
shell  and  plug  assembly  including  the  bridge  wire  was 
identical  to  that  described  in  Example  4  for  the  electric 
blasting  cap,  the  only  difference  being  that  the  detonat¬ 
ing  base  chatges  and  the  printing  charges  were  omitted 
and  the  charge  weight  for  the  double  salt  was  increased 
to  three  grains.  Squibs  thus  prepared  fired  satisfactorily 
at  temperatures  as  low  as  — 56.f  ‘  C.  (imbedded  in  Dry 
Ice).  In  the  vacuum  firing  test,  a  leak  was  simulated  by 
providing  a  vent  opening  in  the  shell;  satisfactory  ignition 
occurred  at  the  lowest  pressure  obtainable  in  the  test  ap¬ 
paratus,  about  23  mm.  of  mercury.  With  a  5  ampere 
current,  the  squibs  functioned  in  an  average  lime  of  0.96 
millisecond;  the  minimum  current  required  for  initiation 
averaged  0.37  ampere.  Black  powder,  aluminum/potas- 
sinm  perchlorate  pellets,  cannon  powders,  and  a  number 
of  conventional  rorket  propellant  compositions  were  ig¬ 
nited  by  means  of  these  squibs,  and  in  all  cases  the  func¬ 
tioning  wax  satisfactory. 

Although  our  invention  has  been  described  with  refer¬ 
ence  to  specific  embodiments  thereof,  the  same  arc  given 
by  way  of  illustration  only.  Modifications  and  variations 
Will  be  r-pparert  from  our  description  to  those  skilled  in 
tiie  nrt  nnd  may  be  made  without  departing  from  tbc 
spirit  nnd  scope  of  the  invention. 

We  claim: 

t.  As  n  new  composition  of  matter:  C\N’CVCs;n1(,H,». 

2.  A  ptivesi  for  the  prepatnlion  of  the  double  salt  of 
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cesium  nitrate  anj  cesium  decahydrodecaborate  which 
comprises  the  steps  of  reacting  in  solution,  a  beron- 
contaiuing  compound  selected  from  '.lie  group  consisting 
of  an  acid  represented  by  the  formula 

(llaO)Jn10H,#(ll3O)m  s 

wherein  in  is  a  whole  number  selected  from  the  group 
0  and  poritive  integers  and  boron  hydride  amine  salts  of 
the  formula  (RjNUJjOioHio,  wherein  R  is  selected  from 
the  group  consisting  of  hydrogen  and  alkyl  groups  having  ]0 
less  than  five  carbon  atoms,  with  a  nitrogen  compound 
selected  from  the  group  consisting  of  nitric  acid  and  ni-' 
trates  soluble  in  the  reaction  mixture  and  with  a  salt  of 
cesium  which  is  soluble  in  the  reaction  nieJium,  and 
thereafter  separating  the  resulting  precipitate  of  the  dou- 
ble  salt  of  cesium  nitrate  and  cesium  dccahydrodcca- 
borate. 

3.  The  process  of  claim  2,  wherein  the  reaction  me¬ 
dium  is  selected  from  the  group  consisting  of  water,  water 
and  ethanol,  acetic  acid,  and  acetic  acid  and  ethanol.  go 

4.  The  process  of  claim  2,  wherein  the  boron-contain¬ 
ing  compound  is  iricthylnmine  decahydrodecaborate. 

5.  An  ignition  composition  comprising  double  salt  of 
cesium  nitrate  and  cesium  decahydrodecaborate. 


G 

6.  An  clccliic  initiator  comprising  a  shell,  an  electric 
heating  element  within  said  shell,  and  a  loose  ignition 
composition  in  contact  with  said  heating  clement,  said 
composition  comprising  double  salt  of  cesium  nitrate  and 
cesium  decahyilrodccaboratc. 

7.  An  electric  initiator  comprising  n  shell,  an  electric 
heating  element  within  said  shell,  a  loose  ignition  com¬ 
position  in  eontaet  with  said  heating  clement,  said  com¬ 
position  comprising  the  double  salt  of  cesium  .derate  and 
cesium  decahydrodecaborate,  a  lead  azide  initiator  charge 
adjacent  the  initiator  charge,  and  a  base  charge  selected 
froro-the  group  of  explosives  consisting  of  cyciometh)]- 
cnetrinitroamine,  trinitrotoluene,  cthslenedinitraamfne, 
picric  acid,  and  tetryl  adjacent  said  initiator  charge  on  the’ 
side  of  the  latter  remote  from  the  ignition  composition. 
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phis  invention  relates  to  a  composition,  and  more  par¬ 
ticularly,  to  an  ignition  composition. 

Ignition  compositions  iind  vv'Je  utility  in  the  explosives 
art  in  scch  uses,  for  ex-tuple.  as  in  ignition  cords  and  in 
electric  initiators  such  as  blasting  caps  and  squibs.  This 
invention  provides  a  bioad  new  class  of  ignition  composi¬ 
tions.  The  compositions  of  this  invention  are  character¬ 
ised.  an-.ong  other  things,  by  outstanding  versatility. 
Tlus.  for  example,  compositions  of  this  invention  r;  U'e> 
depending  upon  the  particular  constituents  employed, 
from  fast  functioning  ignirion  compositions  to  slow  func- 
tion  ng  tonipositions  useful,  for  example,  in  delay  blast¬ 
ing  caps. 

The  ignition  <  rmpositions  of  this  invention  comprise  an 
intimate  physical  mixture  of  (n)  a  mcial  salt  of  a  boron- 
containing  acid  selected  from  the  group  consisting  of  dec- 
ahjuiodcea  boric  acid  and  dodecahydrododecaboric  acid, 
and  (/>)  a  *ohd  inorganic  oxidizing  agent 

Illustrative  rrcducH  prcpaied  employing  the  composi¬ 
tions  of  lies  invenlinn  are  showr  in  the  accompanying 
drawings  wherein  FIGURE  1  is  a  cross-sectional  view  of 
an  electric  initiator  containing  an  ignition  composition  of 
lb's  invention  and  FKiURIv  2  is  '  representative  longi¬ 
tudinal  cross-section  of  a  pice.  .  ,;nition  cord  contain¬ 
ing  a  composition  of  this  invention. 

TT,o  solid  metal  salts  of  decr.'.di) droJecuboric  acid  eni- 
plo>ed  i,i  the  instant  invention  arc  conven'  .ntly  prepared 
by  rending  an  aqueous  solution  of  the  acid  repr  vented  by 
the  formula  Hsn,0Hio.(ll:0)m  where  in  is  zero  or  a 
posit  vc  integer,  c.g.,  I  to  3,  or  as  tne  hydronium  com¬ 
pound  (11,0,13,  ,ll|o  (H'.0)m  where  m  is  the  same  as 
above,  or  a  st.luhle  salt  of  this  acid,  for  example,  an  am¬ 
monium  salt,  with  a  solution  of  a  soluble  salt  of  that  metal 
whose  B1(lH:o  salt  is  desired  under  such  conditions,  c.g., 
particular  solvent  and  concentra'ion,  that  the  desired 
ll,aII,0  salt  precipitates  from  the  reaction  solution.  A 
preferred  solvent  system  for  this  process  employs  water. 
When  aqueous  solutions  arc  used,  the  process  involves 
the  step  of  adding  to  an  aqueous  soluiton  of  a  water- 
soluble  salt  of  such  metal  a  second  aqueous  solution  of 
a  compound  selected  from  the  group  consisting  of  the 
acid  HjBioHio,  the  hydronium  compound,  or  water- 
soluble  salts  of  the  acid.  Alternative  methods  of  prepar¬ 
ing  'he  solid  metal  salts  of  decahydrodecaboric  acid,  as 
well  as  a  more  detailed  discusison  of  the  above  prepara¬ 
tion  are  disc'oscd  in  copending  application  Serial  No. 
6,855,  filed  February  5,  1960,  in  the  name  of  W.  H.  Knoth, 
Jr.,  and  assigned  to  the  present  assignee.  All  of  the  prep¬ 
aration  methods  disclosed  in  the  aforementioned  applica¬ 
tion  are  incorporated  herein  by  reference. 

The  solid  metal  salts  of  dodecahydrododecaboric  acid 
used  in  the  instant  invention  also  are  conveniently  pre¬ 
pared  by  the  above  procedure  in  which  an  aqueous  solu¬ 
tion  of  the  acid  represented  by  the  formula 

H2B12HI3.(H30)m 


where  m  is  zero  or  a  positive  integer,  e  g.,  1  to  4,  or  as 
the  hydronium  compound  (HjOjjB^HuTHcOm  where 
in  is  the  same  as  above  or  a  soluble  salt  of  the  acid,  for 
example,  an  ammonium  salt,  is  caused  to  react  with  a 
5  solution  of  a  soluble  salt  of  that  metal  whose  Bi2H1:  salt 
is  desired  under  such  conditions,  e.g.,  particulsi  solvent 
employed,  that  the  desired  B;2Hij  salt  precipitates  from 
the  reaction  solution.  Alkali  and  alkaline-earth  dodeca- 
hydrododecaboratcs  can  be  prepared  by  reacting  an  alkali 
10  or  alkaline-earth  metal  hydroborate  with  diborane  under 
superatmospheric  pressure.  The  above  and  alternative 
methods  of  preparing  metal  salts  of  dodecahydrododeca¬ 
boric  acid  are  disclosed  in  copending  application  Serial  No. 
30,443,  filed  May  20,  I960,  now  abandoned,  in  the  name 
15  of  K.  C.  Miller  and  E.  L.  Muetterties  and  assigned  to  the 
present  assignee  and  the  methods  described  theiein  are 
incorporated  herein  by  reference. 

Metal  cations  of  the  decahydrodecaboric  and  dodeca- 
kydrododccaboric  acid  salts  can  be  derived  generally  from 
20  any  metal.  The  metals  according  to  the  periodic  table  in 
Dealing's  General  Chemistry,  edition  5,  chapter  11,  John 
Wiley  and  Sons,  Inc.,  and  in  Lange’s  Handbook  of  Chem¬ 
istry,  edition  9  pp.  56-57,  Handbook  Publishers,  Inc. 
(1956),  are  the  elements  of  groups  I,  H,  VIII,  11113,  1VB, 
25  VB,  VIB,  V1IB  as  wen  as  the  elements  of  groups  I11A, 
LVA,  VA,  a  ad  VIA  which  have  atomic  numbers  above  5, 
14,  33,  and  52,  respectively.  These  metals  include  both 
light  and  heavy  metals.  The  light  meals  are  also  known 
as  the  alkali  metals  and  the  alkaline-earth  metals.  The 
SO  heavy  metals  include  brittle,  ductile,  and  low-melting 
metals  as  described  in  the  above-rnent.oned  periodic  table 
in  Lange’s  Handbook  of  Chemistry. 

Preferred  metals  for  use  in  the  boron  acid  salts  of  this 
invention  are  the  light  metals,  particularly  the  alkali  and 
30  alkaline-earth  metals  of  groups  IA  and  IIA  having  an 
atomic  number  less  than  87,  including,  for  example, 
lithium,  sodium,  potassium,  cesium,  magnesium,  calcium, 
and  barium,  because  these  boron  acid  salts  are  easier  to 
isolate  from  the  reaction  mixture.  Cesium  is  a  particu- 
40  larly  preferred  metal  cation. 

Examples  of  metal  salts  of  boron-containing  acids  which 
can  be  used  in  the  subject  compositions  ere  sodium  dcca- 
hydrodfnaborate,  magnesium  dccahydrodecaborate,  tita¬ 
nium  decahydrodecaborate,  vanadium  decahydrodeca- 
45  borate,  chromium  decahydrodccaborate,  manganese  deca- 
hydrodccaboraie,  iron  dccahydrodecaborate,  cobalt  dcca- 
bydrodccaborate,  nickel  decahydrodecaborate,  copper 
dccahydrodecaborate,  zinc  decahydrodccaborate,  alu- 
minumdecabydrodccaborate,  antimony  decahvdrodeca- 
50  borate,  tin  decahydrodecaborate,  potassium  dodecahydro- 
dodecaborate,  calcium  oodecahydrododecaborate,  lan¬ 
thanum  dodecahydrododecaborate,  zirconium  dodeca- 
hydrododecaborate,  molybdenum  dodccahydrododcca- 
borate,  iron  dodecahydrododecaborate,  cobalt  dodeca- 
55  hydrodedecaborate,  silver  dcdecahydrodcdecaborate,  cad¬ 
mium  dodecabydrododecabor-ie,  aluminum  dodecahydro¬ 
dodecaborate,  lead  dodecahydrododecaborate,  bismuth 
dodecahydrododecaborate  and  mixtures  thereof.  Double 
metal  salts  of  the  aforementioned  acids  such  as,  for  ex- 
eo  ample,  the  double  salt  of  cesium  decahydrodecaborate  and 
cesium  nitrate,  the  double  salt  of  cesium  decabydrodeca- 
boratc  and  cesium  dichromate,  the  double  salt  of  cesium 
nitrate  and  mixtures  thereof  can  also  be  employed  in  the 
subject  invention.  Such  double  salts  can  be  prepared,  for 
05  example,  by  bringing  together  in  tqueous  solution,  the 
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various  constituents  of  the  double  salt  in  substantially 
stoichiometric  proportions  and  precipitating  the  resulting 
products  from  trie  aqueous  medium.  Thus,  for  example, 
the  double  salt  of  cesium  decahydrodcc.aborate  and  cesium 
‘ichromate  can  be  prepared  by  bringing  togetiier  in  an 
aqueous  solution  a  substantially  stoichiometric  mixture  of 
tirethylammonium  deeahydrodecaborate:  potassium  di¬ 
chromate  and  cesium  hydroxide  and  precipitating  the 
double  salt  from  the  resulting  mixture. 

Any  'did  inorganic  oxiJizing  agent  which  will  yield 
oxygen  or  sulfur  upon  decomposition  and  which  will 
read.ly  oxidize  the  boron-cor.tainiiig  acid  employed  in  tbe 
subject  compositions,  that  is.  will  readily  react  or  bum 
with  the  boron-con:;  ining  acid,  ^an  be  employed  as  the 
second  c'scmirl  constituent  of  the  compositions  of  this 
invention.  Solid  oxygen-containing  metal  salts  are  pre¬ 
ferred  as  oxidizing  agents  liecrusc  of  their  availability 
and  ease  of  incorporation  into  the  composition. 

Examples  of  solid  inorganic  oxidizing  agents  which  cam 
be  used  in  the  subject  invention  are  ammonium,  alkali, 
and  alkaline-earth  salts  of  inorganic  oxygen-containing 
acids,  such  an  nitric,  chloric,  perchloric,  persulfuric, 
thiosulfuric.  permanganic,  periodic,  iodic,  bromic  and 
iltromic  acids,  ^ipreientative  of  these  are  cesium  nitrate, 
b  rium  nitrate,  ammoihim  nitrate,  sodium  nitrate,  pota- 
sium  nitrate,  potassium  perchlorate,  ammonium  perchlo¬ 
rate,  potassium  chlorate,  potassium  permanganate,  lith¬ 
ium  perchlorate,  sodium  perchlorate,  sodium  dicaromate, 
sodium  thiosulfate,  and  lead  chiomate.  Other  solid  in¬ 
organic  oxidizing  agents  include  lead  thiocyanate,  tbe 
oxides  and  peroxides  of  the  light  and  heavy  metals  and 
nonmetilx.  such  as  barium  peroxide,  lead  peroxide 
(1’bOj),  lithium  peroxide,  ferric  oxide,  red  lead  (PbjO*), 
cupric  oxide,  tellurium  dioxide,  antimonic  oxide,  etc. 
Mixtures  of  the  aforementioned  oxidizing  agents  also  can 
be  used. 

As  indicated  hereinbefore  the  properties  of  the  com¬ 
positions  ot  this  invention  can  be  varied  widely  depend¬ 
ing  upon  the  particular  boron-containing  acid  and  solid 
ino-ganic  oxidizing  agent  employed  and  the  ratio  therefor. 
Generally,,  the  molar  ratio  of  the  solid  inorganic  oxidizing 
agent  to  the  metal  salt  of  the  boron-conl aining  acid  is 
preferably  within  the  range  of  about  from  0.5/1  to  10/1 
respectively. 

Additives  conventionally  employed  in  ignition  composi¬ 
tions  such  ns  linear  sinylidcr.e  Tuoride-hexaauoropropyl- 
enc  copolymer;  ncthylcdiulose;  gum  a.abic;  dextrin; 
elastomeric  compositions  including,  for  example,  polyure¬ 
thanes,  chloroprene  rubbers,  natural  rubbers,  acrylonitrile- 
butadiene  elastonv.rs,  Myrenc-butadiene  rubbers,  polyiso¬ 
butylene  rubbers,  and  polysulfides,  can  be  added  to  the 
compositions  of  this  invention  in  conventional  amounts, 
for  example,  in  amour ts  up  to  about  2%  by  weight. 

The  compositions  of  this  invention  are  prepared  by 
merely  intimately  mixing  the  finely  divided  constituents 
therefor  in  conventional  mixing  equipment.  Usually, 
although  not  necessarily,  constituents  having  a  particle 
size  of  less  than  40  mesh  (U.3.  standard  series)  arc  em¬ 
ployed  in  order  to  obtain  optimum  intermixture  of  the 
constituents.  The  preferred  particle  size  is  100  mesh.  Tbe 
compositions  of  this  invention  are  incorporated  in  various 
articles  such  as,  for  example,  electric  initiators  and  igni¬ 
tion  cords,  by  procedures  conventionally  employed  in  tbe 
art  for  known  ignition  compositions. 

Referring  now  to  the  drawings  which  illustrate  the 
use  of  tite  ignition  compositions  of  this  invention,  in  FIG¬ 
URE  I,  1  represents  a  tubular  shcil,  e.g.,  of  aluminum, 
copper,  bronze,  etc.,  2  is  a  sealing  plug,  e.g.,  of  natural 
or  synth. tic  rubber,  3  are  peripheral  crimps  in  the  shell 
wall  for  maintaining  the  plug  in  position,  4  are  leg  wires, 
5  is  a  resistance  bridgeware,  6  is  an  intimate  blend  of  the 
novel  ignition  composition  of  the  invention.  It  will  be 
noted  that  in  the  embodiment  of  FIGURE  1,  charge  6  is 
the  or.ly  charge  present  in  tbe  igniter;  however,  additional 
charges  conventionally  used  as  priming  or  base  charges 
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may  be  positioned  below  and  adjacent  charge  6  and  may, 
in  turn,  be  initiated  or  ignited  by  charge  6  and  this  is  in¬ 
tended  to  be  within  the  scope  of  the  invention.  All  of 
the  above  features,  exrept  the  novel  ignition  composition, 
5  represent  conventional  elements  of  electric  initiators. 

In  FIGURE  2,  7  represents  a  continuous  core  of  the 
composition  of  the  invention  contained  within  a  flexible 
sheath  8,  e.g.,  of  nonmctatiic  material,  such  as  fiberglass, 
or  a  ductile  metal,  e  g.,  aluminum,  lead,  copper,  or  a 
to  braided  metal  wire. 

In  addition  to  the  foregoing  specific  examples,  the  fol¬ 
lowing  more  detailed  working  examples  illustrate  nu¬ 
merous  compositions  of  this  invention  and  the  properties 
thereof.  In  Example  1,  immediately  following,  the  clfcct 
i5  of  varying  the  proportions  of  the  metal  salt  of  the  boron- 
contnining  acid  and  the  solid  inorganic  oxidizing  agent 
on  the  properties  of  the  various  compositions  of  this  in¬ 
vention  is  illustrated. 


20  EXAMPLE  1 

Blends  of  cesium  decahydrodccaborate  (Cs2B,0HI0)  or 
cesium  dcdecahydrododecaborate  (CsjB12Hi2),  respec¬ 
tively,  and  potassium  perchlorate  were  prepared  by  in¬ 
timately  mixing  100-mesh  cesium  decshydrodecaborate  or 
25  dodcsahydrododecaborate  and  100  mesh  potassium  per¬ 
chlorate  in  a  mechanical  blender.  Tire  various  blends 
prepared  and  the  physical  and  exposive  properties  of  these 
blends  are  given  in  the  following  tables. 


Blends  of  CsjBioTW 
KCIO,  (moles) 

Impact 

Sensitivity 

(inches) 

static 

Sensitivity 

(mev.) 

Ipiition 
Time 
(milli¬ 
seconds)  2 
Enins  loose 

Thermal 
Stability 
(°  C.) 

1/0.5 . 

>45 

>77,500 

4.2 

4S0 

1/1 . 

G 

>77,  500 

3.4 

485 

1/2 . 

• 

• 

• 

490 

1/6  . . 

8 

>77.  'M 

• 

495 

1/8 . . . 

2 

>77,500 

3.6 

500 

1/10 . 

3 

25, 600 

3  5 

610 

•Not  determined. 


Table  II 


Blends  of  CsjBuTIij/ 
KCIO*  (ruclcs) 

Iir  pact 
Sensitivity 
(inches) 

Slatio 
Sen.  it n  ty 
(mev  ) 

Ignition 
Time 
(milli¬ 
seconds)  2 
grains  loose 

Thermal 

Stability 

(°C.) 

1/0.5 . 

>45 

>77.506 

• 

475 

1/1 . 

>45 

>77. 

5.0 

450 

1/0 . 

6 

>77,  500 

4.5 

4-kO 

•Not  determined. 


The  impact  sensitivity  of  the  compositions  in  the  above 
55  tables  was  determined  by  placing  a  portion  of  the  com¬ 
position  of  this  invention  in  a  thin,  uniform  layer  on  a 
slecl  plate  and  determining  the  height  at  which  a  Vi -inch 
diameter  steel  ball  (8.3  gTams)  dropped  on  the  mixture 
will  detonate  the  mixture.  When  the  steel  ball  is  dropped 
60  from  a  height  of  at  least  45  inches  and  the  mixture  does 
not  detonate,  the  mixture  is  termed  impact  insensitive. 
The  static  sensitivity  was  determ  :ncd  conventionally  by 
placing  a  portion  of  the  mixture  in  a  copper  shell  having 
leg  wires.  The  leg  wires  were  twisted  togeT.er  and  con- 
05  nected  to  the  high  voltage  terminal  of  a  d.  uble  “lcg-to- 
sbell'’  static  sensitivity  apparatus  consisting  essentially  of 
a  source  of  variable  voltage  ami  a  series  of  miciomicro- 
farad  condensers  ranging  in  capacitance  from  250-2000 
W*fd.;  the  shell  was  connected  to  a  ground  line.  Voltages 
70  from  0  to  30,000  volts  were  applied  to  a  condenser  of 
known  capacitance  in  increments  of  1,000  volts  and  the 
condenser  was  allowed  to  discharge  through  the  shell 
containing  the  mixture.  Those  mixtures  are  considered 
not  static  sensitive  in  which  a  static  charge  of  at  least 
75  10,000  volts  at  0.0003  microfarad,  i.c.,  10,000  man- 
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equivalent  volts  (m.e.v.)  is  needed  to  ignite  or  detonate 
the  mixture  (1  man-equivalent  volt  charge  is  the  energy 
of  a  condenser  of  0.0003  microfarad  capacitance  charged 
to  a  potential  of  1  volt).  The  maximum  charge  which 
may  be  applied  in  conventional  equipment  is  77,500  m.e.v. 
The  ignition  time  was  determined  in  the  above  tables  by 
using  2  grains  of  a  loose  or  pressed  composition  of  this 
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EXAMPLE  3 

A  number  of  ignition  cords  were  prepared  by  drawing 
down  through  a  series  of  dies  a  lead  tube  filled  with  one 
of  the  following  mixtures.  The  distribution  of  the  mix- 
5  ture  within  the  lead  sheath,  the  outer  diameter  of  the 
cords,  and  the  burning  rate  of  the  cords  are  summarized 
in  Table  IV. 

Table  IV 


Mviturcs 

Outer 

Diameter 

retribu¬ 
tion  of 

Burning 

Burning 

Bor ou* Containing  RaR/Oiidant 

•Mole 

Ratio 

of  cord 
(Luch) 

Mixture 

(grains/ 

ft.) 

Ra;e 

(meter/ 

sec.) 

Rate 

(in./sec.) 

C^iBirllio/KCLOi  . 

i/e 

0  105 

11.05 

329 

• 

I/O 

0.  105 

10.5 

158 

• 

1/3 

0. 105 

26.4 

• 

0.86 

1/3 

0. 101 

16.4 

14  8 

• 

1/2 

0.105 

11  03 

• 

0,31 

1/0 

0.  105 

19  4 

• 

1.  75 

1/2 

0. 1C5 

11.2 

• 

1  0 

•Not  determined. 


invention  as  the  ignition  charge  in  a  conventional  electric 
blasting  cap  assembly  consisting  of  a  copper  shell  con¬ 
taining  4  grains  of  penlaeryihritol  tetranitrale  pressed  at 
200  pounds  as  the  base  charge  and  3  grain?  of  lead  azide 
pressed  at  200  pounds  as  the  piimer  charge,  applying  a 
direct  current  of  5  amperes  to  a  0.0019-inch  diameter 
“Nichrome"  (80/20  alloy  of  nickel  and  chromium) 
bridgewire  imbedded  in  the  ignition  charge,  and  measur¬ 
ing  the  time  interval  between  the  closing  of  the  switch 
on  the  source  of  the  firing  current  and  a  bursting  of  the 
shell.  The  thermal  stability  is  that  temperature  up  to 
which  the  mixture  exhibited  no  change  in  appearance  or 
did  not  detonate. 

An  equimolar  amount  of  other  metal  salts  of  the  afore¬ 
mentioned  boron-containing  acids  such  as,  for  example, 
sodium,  magnesium,  barium,  potassium,  calcium,  silver 
decabydrodecaborate  or  dcdecahydrododecaborate  can 
be  employed  in.  the  above  compositions  to  yield  ignition 
compositions  having  generally  similar  properties. 

Tho  following  example  illustrates  the  use  of  various 
different  solid  oxidants  in  the  compositions  of  tins  inven¬ 
tion. 

EXAMPLE  2 

Mixtures  in  the  proportions  indicated  in  the  following 
tables  were  prepared  according  to  the  procedure  of  Ex¬ 
ample  1.  The  physical  and  explosive  properties  of  these 
blends  arc  as  follows. 


In  a  like  manner,  ignition  cords  can  be  prepared  as  de- 
„  scribed  above  with  ignition  compositions  in  which  sodium, 
barium,  potassium  decahydrodecaborate,  or  dodecahydro- 
dododecaborate  is  substituted,  on  a  molar  basis,  for  some 
or  all  of  the  cesium  decahydrodecaborate  employed  above. 

I  claim: 

1.  An  ignition  composition  comprising  an  intimate 
physical  mixture  of  (a)  a  metal  sal',  of  a  boron-containing 
acid  selected  from  the  group  consisting  of  decahydro- 
decaboric  add  and  dodecahydrod  :a boric  acid,  and  (b) 
a  solid  inorganic  oxidizing  agent. 

3r  2.  An  ignition  composition  of  claim  1  wherein  said 
J  metal  in  said  metal  salt  is  selected  from  tbe  group  con¬ 
sisting  of  alkali  and  alkaline  earth  metals  of  groups  IA 
and  ILA  having  an  ato  nic  number  of  less  than  87  and 
said  solid  inorganic  oxidizing  agent  is  an  oxide  or  per- 
40  oxide. 

3.  An  ignition  composition  of  claim  1  wherein  said 
metal  in  said  metal  salt  is  selected  from  the  group  consist¬ 
ing  of  alkali  and  alkaline  earth  metals  of  groups  IA 
and  IIA  having  an  atomic  nu:  aber  of  less  than  87  and 

45  said  solid  inorganiw  oxidizmg  agent  is  selected  from  tbe 
group  consisting  of  ammonium,  aikali,  and  alkaline  earth 
salts  of  oxygen-containing  inorganic  acids. 

4.  An  ignition  composition  of  claim  3  wherein  said 
metal  salt  is  a  salt  of  decahydrodecaboric  acid. 

r0  5.  An  ignition  composition  of  claim  3  wherein  said 
°  metal  salt  is  a  salt  of  dodecahydrododecaboric  acid. 


Table  III 


Mixtures 

Ignition  Time 
(milliseconds) 

Impact 

Static 

Sensl- 

Thermal 

Stability 

Seusi- 

Boron-Contatnln* 

Snlt/Oxidnnt 

Mole 

Ratio 

3  grains 
pressed  et 
200  lbs 

?  grains 
loose 

tivlty 

(Incbos) 

tivlty 

(mev.) 

(°C.) 

t/t 

• 

5.0 

>« 

21,900 

390 

CsiBiuHio/KClO* . 

1/6 

• 

8.2 

3 

27, 400 

330 

1/6 

17. » 

4.8 

>46 

64,800 

1/3 

29.6 

6.7 

>45 

26  400 

510 

1/3 

48.7 

5.5 

10 

14,680 

280 

CsiniaHio)NaiCriOr2HiO--. 

1/2 

1/6 

238.6 
66  6 

135  1 
10  3 

•a 

AA 

>77,600 
M,  100 

260 

610 

1/2 

52.6 

12.1 

35 

24,600 

* 

•Net  determined. 


The  impact  and  static  sensitivity  and  the  ignition  time 
and  thermal  stability  of  the  mixtures  in  Table  III  were 
determined  by  tbe  methods  described  in  Example  1. 

All  of  the  squibs  functioned  satisfactorily. 

The  use  of  the  novel  ignition  compositions  in  ignition 
cord  depicted  in  FIGURE  2  is  illustrated  by  the  follow¬ 
ing.  75 


6.  An  ignition  composition  comprising  an  intimate 
physical  mixture  of  cesium  decahydrodecaborate  and  po¬ 
tassium  perchlorate. 

7.  An  ignition  composition  comprising  an  intimate 
physical  mixture  of  cesium  dcdecahydrododecaborate  and 
potassium  perchlorate. 
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I  hi*  invention  relate*  to  solid  recation  products  of  cer¬ 
tain  amines  and  deeahoranc. 

I  he  solid  products  of  this  invention  when  incorporated 
with  suitable  oxidizers.  such  a*  ammonium  perchlorate, 
potassium  perchlorate,  sodium  perchlorate,  ammonium 
nitrate  and  etc  .  yield  solid  propellants  suitable  for  rocket 
power  plants  and  oiher  jet  propelled  devices.  Such  propel¬ 
lants  burn  with  hiith  ll.tnic  speeds,  have  high  heats  of 
combustion  and  arc  of  the  high  specific  impulse  type, 
l’robably  the  single  most  important  factor  in  determining 
the  performance  of  a  propellant  charge  is  the  specific  im¬ 
pulse.  and  appreciable  increases  in  performance  will  result 
from  the  use  of  the  higher  specific  impulse  materials.  The 
products  of  this  invention  when  incorporated  with  ox¬ 
idizers  are  capable  of  being  formed  into  a  wide  variety  of 
grains,  tablets  and  shapes,  all  with  desirable  mechanical 
and  chemical  properties.  Propellants  produced  by  the 
methods  described  in  this  application  burn  uniformly 
without  disintegration  when  ignited  by  conventional 
means,  such  a*  a  pyrotechnic  type  igniter,  and  arc  me¬ 
chanically  strong  enough  to  withstand  ordinary  handling. 

Several  investigations  have  been  reported  concerning 
the  simple  acid-base  adduct  formation  between  dccaborane 
and  amines.  Note,  for  example,  the  article  reporting  dc- 
caboranedimcthylamine  adducts  by  S.  J.  Fitch  and  A.  W. 

I. aubengaycr,  J.  Am.  Chcm.  Soc.,  vol.  80.  page  5911-5913 
(  1958).  The  simple  acid-base  reaction  yields  adducts 
whose  composition*  arc  dependent  on  the  temperature  of 
the  reaction  mixture  and  the  ratio  of  amine  todecaboranc. 
The  amine  molecules  may  be  removed  in  a  somewhat  step- 
wise  manner  by  warming  and  evacuation.  Apparently 
the  monaminc  and  diamine  adducts  are  quite  stable  at 
ambient  temperatures  but  may  bo  decomposed  into  the 
original  components  at  slightly  elevated  temperatures.  It 
is  possible  to  regenerate  the  dccaborane  quantitatively  by 
displacement  with  hydrogen  chloride,  and  presumably 
other  strong  acids  will  ctfect  the  same  displacement. 

It  has  been  found  that  in  the  presence  of  excess  amine 
and  heat,  an  additional  reaction  occurs  according  to  the 
following  equations: 

(t) 

SttiN  +  Until,  |(n,V)>DioTInl  - ►  (ItifOinioIIn  +  H, 

t-iinne  I  ii-iiiti' in' 

W  80°  C. 

or 

11, N 

II,  S'  +  It,, lt„  - «  H,Js’  Ditltii  - >  (IbNliTl.oTr.i  +  tlj 

Ih  niriio  lionreno 

(I-  l'.  M)“  •  ■ 

The  reaction  involves  the  loss  of  hydrogen  and  the 
formation  of  the  very  stable  bis-aminodecaboranc  com¬ 
pound.  The  compounds  are  usually  white,  crystalline  ma¬ 
terials  with  high  melting  points.  They  are  quite  insoluble 
in  the  common  aliphatic  hydrocarbons  and  in  ether,  but 
demonstrate  moderate  solubility  in  alcohols  and  acetone 
from  which  they  may  be  crystallized.  The  degradative 
nkoholysis  which  occurs  with  decaborane  at  room  tem¬ 
perature  does  not  take  place  in  the  case  of  these  diamtno- 
dccaborane  compounds  even  at  the  reflux  temperature  of 

(he  alcohol.  ,  .  .  ,  , 

In  the  normal  course  of  synthesis,  one  mole  of  hydro¬ 
gen  ir  evolved  for  each  mole  of  decaborane  used.  The 
f~.,.  .g...  »!,„  tnc«  of  hvdr  seen  occurs  in  the  case  of  tlie 
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tertiary  amines  as  well  as  primary  and  secondary  amines 
suggests  that  the  amino  hydrogen  atom  is  not  involved  but 
that  the  hydrogen  atoms  evolved  originate  exclusively 
from  the  decaborane. 

5  The  infrared  spectra  of  mono  amine  adducts,  bis  amine 
ndducis  and  bis  amino  compounds,  when  compared  to  the 
spectrum  of  decaborane  itself,  exhibit  definite  alterations. 
The  most  obvious  differences  occur  in  the  regions  ascribed 
to  the  bridge  hydrogen  B-H  stretch  frequencies,  normally 
10  a  doublet  at  5.20  and  5.30m  and  a  triplet  over  the  6.40- 
6.80m  region.  The  B-H  absorption  band  normally  at 
3.85m  is  displaced  slightly  to  about  4.0m. 

Hence,  the  solid  reaction  products  of  this  invention  are 
prepared  by  reacting  dccaborane  with  a  primary,  sec- 
15  ondary  or  tertiary  amine  at  a  temperature  above  about 
75“  C. 

Suitable  primary  amines  include,  for  example,  methyl- 
amine,  cthylamine,  n-propylamine,  i  opropylamine,  tt-but- 
ylamine,  isobutylamine,  sec-butyhm  ine,  tert-bntylamine, 
20  n-amylaniinc,  isoamylamine,  2-aminipentane,  tert-amyl- 
aminc,  n-hexylaniine  and  n-octylaminc.  Suitable  sec¬ 
ondary  amines  include,  for  example,  dimethylamine,  di- 
ethylaminc,  di-n-propylamine,  diisopropylamine,  di-n-hut- 
ylnmine,  diisobutylamioc,  di-scc-butylamine,  methylethyl- 
25  amine,  piperidine,  morpholine  and  the  like.  Suitable  ter¬ 
tiary  amines  include  for  example,  trimethyiamine,  trieth- 
ylamine,  tri-n-propylaminc,  ethyldimethylaminc,  n-propyl- 
dimcthylnminc,  methyldiethylamine,  2-chloroethyldimeth- 
ylamine,  tri-n-butylaminc,  triisobutylamine,  tri-n-amyla- 
30  mine,  triisoamylamine,  and  the  like. 

The  ratio  of  reactants  can  be  varied  widely,  generally 
being  in  the  range  2  to  20  moles  of  amine  per  mole  of 
decaborane,  preferably  3  to  10:1.  The  reaction  tempera¬ 
ture  can  vary  from  about  75°  C.  to  150°  C.  and  the  pres- 
35  sure  can  vary  from  subatmospheric  to  several  atmospheres, 
although  atmospheric  pressure  reactions  are  convenient. 
The  reaction  to  go  to  completion  generally  requires  from 
one  to  fifty  hours  depending  upon  the  ratio  of  reactants, 
the  particular  reactants  utilized,  and  the  temperature  and 
pressure  employed.  Hydrogen  is  evolved  in  the  amount 
of  one  mole  per  mole  of  decaborane. 

Although  the  reaction  will  proceed  in  the  absence  of  a 
solvent,  best  results  arc  obtained  by  carrying  out  the 
reaction  in  a  solvent  common  for  the  reactants  but  inert 
45  with  respect  to  the  reactants.  Such  solvents  include  ali¬ 
phatic  hydrocarbon  solvents  such  as  n-pentane,  hexane 
and  heptane,  aromatic  hydrocarbon  solvents  such  as  ben¬ 
zene,  toluene  and  xylene,  cycloaliphatic  solvents  such  as 
cyclohexane  and  methylcyclopcntane  and  oxygenated  or- 
30  ganic  solvents  such  as  dioxane,  ethyl  acetate,  and  diiso¬ 
propyl  ether.  Dioxane  and  ethyl  acetate  form  shock  sensi¬ 
tive  solutions  with  dccahorane  and  so  are  less  favorable 
solvents.  The  amount  of  solvent  can  vary  widely  but 
generally  ranges  up  to  about  70  times  the  weight  of  the 
65  reactants. 

The  process  of  the  invention  is  illustrated  in  detail  by 
the  following  examples  which  arc  to  be  considered  not 
limitative. 

EXAMPLE  1 

00 

In  a  500  ml.,  thrce-necked,  round  bottomed  flask,  were 
placed  12.2  g.  of  dccaborane  (0.1  mole)  dissolved  ir.  300 
ml.  of  benzene.  The  flask  was  fitted  with  a  dewar-type 
condenser  cooled  by  a  Dry-Ice  acetone  mixture,  and  a 
05  dropping  funnel  topped  by  a  similar  Dry-Ice  condenser 
Trimcthyl  amine  was  condensed  into  the  dropping  funnel 
to  the  extent  of  60  ml.,  slightly  in  excess  of  0.6  mole. 

The  benzene  solution  of  decaborane  was  then  main¬ 
tained  at  0°  C.  and  stirred  with  a  magnetic  stirrer  while 
70  the  liquefied  amine  was  added  dropwise  over  a  one  hour 
period.  During  the  addition  of  the  amine  a  white  precipi¬ 
tate  formed  which  turned  light  green  on  continued  amine 
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addition.  ‘I  he  precipitate  appeared  to  go  into  solution 
for  (lie  moo.  p.nt  during  the  later  stages  of  amine  nildi- 
lion.  When  ihe  lin.il  iMvlion  r.iixturc  was  permitted  to 
warm  to  rtxviit  temperature,  a  while  crystalline  material 
was  formed.  \  portion  of  this  ni  lerial  was  removed, 
washed  with  lxn/cnc,  .old  submitted  as  a  sample  lot  in- 
(r  i red  analysis.  Ihe  body  ol  the  teaeium  misturc  was 
then  healed  slowly  to  the  Kilns  temperature  ot  hen/cr.c 
and  ihe  volatile  materials  whn.li  wete  evolved  passed 
throneh  Dry  lee  and  liquid  mitogen  traps  and  into  a  '  wet 
test  meter."  Ilurly  onc  nil.  ol  li miethyl.iniine  weie  eol- 
leeted  and  2870  ml.  of  liutrogeii  wcie  measured  over  a 
12  hour  per  11x1. 

Ihe  reaetion  inistine  was  then  cooled  to  room  temper¬ 
ature  and  tillered  Ihe  solid  obtained  was  washed  three 
times  wuh  benzene  and  three  limes  with  anhydrous  dt- 
cih\l  ether.  Ihe  etude  ptodiM  weighed  IS. 5  g.  It  was 
found  that  a  portion  of  this  tmal  solid  could  he  extracted 
with  .uetone.  Appi osunalely  23  percent  of  the  solid  re¬ 
ad, on  mixture  was  insoluble  in  .i.ctone.  The  extracted 
portion  was  rcay stalli/ed  from  acetone  and  samples  sub¬ 
mitted  for  ehemie.il  analysis  of  hc'on  and  nitrogen  as  well 
;ij  for  infrared  analysis.  .... 

Cjlcul.nrd  for  B,ollisIlCII|)iN]j:  B,  45.74;  N,  11.84. 

Found:  13.  45.5;  N.  12.39.  ,  .. 

There  are  characteristic  dilTerenccs  between  the  infra¬ 
red  spectra  of  decaborane,  the  amine  adduct,  and  the 
amino  compound. 

FXAMPl  E  II 


jo  1.2  g.  of  decaborane  |0  0I  mole)  in  25  ml.  of  ben¬ 
zene  were  ndded  10  ml  of  condensed  trimethylamine 
while  the  mixture  was  maintained  at  0°  C.  Slight  yellow¬ 
ing  of  the  solution  occurred  ns  the  amine  was  introduced. 
The  large  amount  of  precipitate  initially  formed  was  con¬ 
verted  to  a  yellowish  oil  as  the  excess  amine  was  added. 
The  mixture  was  then  heated  and  the  excess  amine  dis¬ 
tilled  while  the  non-condensablc  gas  was  measured.  . 

The  net  volume  of  hydrogen  evolved  was  measured  s 
228  ml.  1 204  nil.  S.FP. ).  I  here  was  an  ohvious  cessa¬ 
tion  of  gas  evolution  at  a  point  which  corresponded  close¬ 
ly  to  one  mole  ol  hydrogen  per  mole  of  decaborane. 
Kvaroration  of  the  solvent  left  a  solid,  slightly  yellow  in 
color,  weighing  2.3  g.,  96  percent  of  theoretical 

I  his  product  was  purified  hy  rccrystallizations  from 
n-hutanol  and  the  identity  was  confirmed  by  elemental 
annl>  sis.  Compjrison  of  the  infrared  spectra  of  the  purt- 
lied  and  crude  materials  indicated  that  the  product,  as  iso¬ 
lated  from  the  reaction  mixture,  was  nearly  pure. 

Calculated  for  BioC(1IjoNj:  B,  45.36;  N,  11.75. 
Found:  B,  45.5,  44.9;  N.  12.45,  12.24. 

EXAMPLES  III  THROUGH  VI 

In  a  manner  similar  to  that  descrihcd  in  Examples  I 
and  II,  decaborane  was  reacted  respectively  with  dimethyl- 
amine.  tricthylamine,  piperidine,  and  2-chlotoethyldi- 
mcthylamine.  Ihe  pertinent  data  are  given  in  Table  I 
below: 
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There  was  a  tendency  on  the  part  of  some  of  the  his. 
amino  compounds  to  crystallize  with  solvent  of  crystalliza¬ 
tion.  In  the  case  of  the  pTpcridino  compound,  the  mono- 
benzenate  was  isolated  and  identified.  The  solvent  was 
5  easily  removed  from  the  solvated  materials  by  mild  heat¬ 
ing  under  vacuum  for  a  few  hours. 

The  honm  containing  solid  materials  produced  by  prac¬ 
ticing  the  method'-  of  this  invention,  can  be  employed 
as  ingredients  of  solid  propellant  compositions  in  accord- 
10  anee  with  general  procedures  which  arc  well  understood 
in  the  art,  inasmuch  as  the  solids  produced  are  readily 
oxidized  using  conventional  solid  oxidizers  such  as  am¬ 
monium  perchlorate,  potassium  perchlorate,  sodium  per¬ 
chlorate  and  the  like.  In  formulating  a  solid  propellant 
15  composition  employing  one  of  the  materials  produced  ir. 
accordance  with  the  present  invention,  generally  from  10 
to  35  pails  by  weight  of  boron  containing  material  and 
from  65  to  90  by  weight  of  oxidizer  are  present  in  the 
final  propellant  composition.  In  the  propellant,  the  oxi- 
20  dizer  and  the  product  of  the  present  process  are  formu¬ 
lated  in  intimate  admixture  with  each  other,  as  by  finely 
dividing  each  of  the  materials  separately  and  thereafter 
intimately  mixing  them.  The  purpose  of  doing  this,  as 
the  art  is  well  aware,  is  to  provide  proper  burning  eharac- 
25  (eristics  of  the  final  propellant.  In  addition  to  the  oxidi/cr 
and  the  oxidizable  material,  the  final  propellant  can  also 
contain  an  artificial  resin  or  polymer  such  as  the  poly¬ 
urethane  type,  the  function  of  the  resin  being  to  give  the 
propellant  mechanical  strength  and  at  the  same  time  im- 
30  prove  its  burning  characteristics.  Thus,  in  manufactur¬ 
ing  a  suitable  propellant,  proper  proportions  of  finely  di¬ 
vided  oxidizer  and  finely  divided  boron  containing  mate¬ 
rial  can  be  admixed  with  a  high  solids  content  solution 
of  a  resin  such  as  that  mentioned  previously*  or  a  pre- 
35  polymer  of  the  resin,  the  proportions  being  such  that  the 
amount  of  resin  is  about  5  to  10  percent  by  weight  based 
on  the  weight  of  oxidizer  and  boron  compound.  The  in¬ 
gredients  are  thoroughly  mixed  with  the  simultaneous  re¬ 
moval  of  solvent,  and  following  this  the  solvent  free  mix- 
40  ture  is  molded  into  the  desired  shape,  as  by  extrusion. 
Thereafter  the  resin  can  be  cured  by  resorting  to  heating 
at  moderate  temperatures.  For  further  information  con¬ 
cerning  the  formulation  of  solid  propellant  compositions, 
a  reference  is  made  to  U.S.  Patent  2,622,277  to  Bonnell 
45  and  U.S.  Patent  2,646,596  to  Thomas. 

We  claim: 

1.  A  process  for  the  preparation  of  solid  reaction  prod¬ 
ucts  of  amines  and  decaborane  which  comprises  reacting 
front  2  to  20  moles  ol  an  amine  selected  from  the  class 

50  consisting  of  lower  alkyl  amines,  lower  monochlorpalkyl- 
atnines,  morpholine  and  piperidine  per  mole  of  dccabo- 
ranc  with  the  evolution  of  hydrogen  at  a  temperature 
above  about  75“  C.  and  up  to  about  150  C. 

2.  A  ptoccss  for  the  preparation  of  solid  reaction  prod- 
55  ucts  of  amines  and  decaborane  yvhich  comprises  reacting 

from  2  to  20  moles  of  an  amine  selected  from  the  class 
consisting  of  lower  alkyl  amines,  lower  monochloroalkyl- 
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amines,  morpholine  and  piperidine  per  mole  of  dcea- 
borane  with  the  evolution  of  about  one  mole  of  hydrogen 
per  mole  of  decaborane  while  the  reactants  are  in  admix¬ 
ture  with  a  solvent  inert  with  respect  to  the  reactants  at  a 
temperature  above  about  75°  C.  and  up  to  about  (50°  C.  5 

3.  The  process  of  claim  2  wherein  the  amine  is  tri- 
methylamine. 

4.  The  process  of  claim  2  wherein  the  amine  is  dirnelh- 
ylamine. 

5.  The  process  of  claim  2  wherein  the  amine  is  triethyl-  10 
amine. 

6.  The  process  of  claim  2  wherein  the  amine  is  piper- 
idine. 

7.  The  process  of  claim  2  wherein  the  amine  is  2- 

chlorocthyldimethylamine.  15 

8.  The  process  of  claim  I  wherein  the  amine'  is  tri- 
mcthylamine  and  the  solvent  is  benzene. 

9.  The  process  of  claim  1  wherein  the  amine  is  dirneth- 
ylaminc  and  the  solvent  is  benzene. 
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10.  The  process  of  claim  I  wherein  the  amine  is  tri- 
cthylaminc  and  the  solvent  is  benzene. 

1 1.  The  process  of  claim  I  wherein  the  amine  is  piperi¬ 
dine  and  the  solvent  is  benzene. 

12.  The  process  of  claim  I  wherein  the  amine  is  2- 
chlorocthyldimethylaminc  and  the  solvent  is  benzene. 

References  Cited  in  the  file  of  this  patent 
UNITED  STATES  PATENTS 


2,558,560  Salford . htnc  26.  1951 

2,961,444  Aftandilian - Nov.  22,  I960 


OTHER  REFERENCES 

Schechter  et  al.:  “Boron  Hydrides  a  Related  Com¬ 
pounds,”  Callery  Chemical  Co.,  Jan.  8,  1  I,  p.  37. 

Broadley:  General  Electric  Co.,  Report  No.  55248, 
Jan.  6,  1948,  pp.  8,  9  and  II. 

Filch  et  ah:  J.  Am.  Chem.  Soc.,  vol.  80,  pp.  5911  — 
5913. 


I 

I 

i 

I 

I 

1 

I 


t 

'United  States  Patent  Office 


3,143,938 

Patented  Sept.  15,  1954 


1 

J.t-JS.WS 

AMMONI  \  AM)  ftYDIM/.INE  SALTS  OF 
I  iil.  i!  Sl;,  -  ANSON 

Walter  II.  Um.tb,  Jr.,  Weiuiinhall.  ;is>-iK:ior  to  E.  F. 

u  j  font  ilc  NiM.Hinr,  unit  Company,  Wilmington,  Del., 

a  tin |»ui .ti iuii  uf  i)v!uM.iri' 

No  Ora" ini;.  I'iStu  IV!».  5,  I960,  Scr.  No.  6,853 
ft  O.iiim.  (Cl.  23 — 14) 

This  invention  iclnles  to  I'oron  compounds.  Mote 
p  nlici.!.,rly,  it  i elate?  to  novel  boron  hydride  derivatives 
.cnc  to  a  method  for  their  preparation. 

boron  hntridcs  have  recently  become  of  interest  in 
vaiions  applications.  Or.e  such  application  for  which 
thev  have  been  found  especially  useful  is  in  the  field  of 
hirli  energy  fuels.  The  principal  object  of  the  present 
invention  is  therefore,  to  provide  new  boron  hydride  de¬ 
rivatives  suitable  as  a  hi;;h  energy  fuel  and  for  other  utili¬ 
ties.  Another  object  is  provision  of  a  process  for  making 
the  novel  compounds. 

la  the  fui ib.eranee  of  the  above-mentioned  and  yet 
other  objects,  there  arc  now  provided  compounds  which 
arc  t lie  ammonium  and  hydrazine  salts  of  the  boron  hy¬ 
dride  anion  of  the  formula  13 :  .1 !  10 — .  These  compounds 
have  th:  formulas  (.NH,).BU,I1|0  and  ( N J 1  1 1 3 ) 2F) , 0H , 0. 

These  compound,  arc  solids  having  a  high  heat  of  com¬ 
bustion  and.  t'ccanse  of  this  property,  they  are  especially 
useful  as  high  energy  fuMs.  T  Ivey  arc  free  of  carbon 
and  o:hcr  elements  of  atonne  number  higher  than  14, 
which  elements,  if  present,  would  result  in  lower  heats  of 
combustion. 

The  boron  hvdridc  salts  of  this  invention  are  prepared 
by  reaction  of  2  moles  of  ammonium  hydroxide  or  hy¬ 
drazine  hydrate  with  1  mole  of  the  boron  hydride  acid, 
1 1  a *■ 1  Hi.Hn  ‘  (ll.O),  for,  as  the  hydronium  compound, 
(I!j012m  13|01I|3  IIjOJ,  in  aqueous  solution.  The  re¬ 
action  is  conveniently  carried  out  by  neutralizing  am¬ 
monium  hydroxide  or  hydrazine  hydrate  with  an  aqueous 
solution  of  the  boron  hydride  acid  at  ordinary  tempera¬ 
tures  (20*— 30”  C.).  The  resulting  neutral  solution  is 
evaporated  to  dryness  to  leave  a  solid  crystalline  residue 
of  the  salt.  This  salt  can  then  be  dried  at  ordinary  or 
moderately  elevated  temperatures  under  reduced  pressure. 

1  lie  acid.  112  +  MSoMit  •  ( HjO ) 3.  used  as  starting  ma¬ 
terial  in  the  process  of  this  invention  can  be  prepared  by 
treating  an  aqueous  solution  of  an  .  mine  salt  of  a  boron 
hydride  having  the  formula  (R4_XMIX)2B,CH,0,  wherein 
R  is  alkyl  and  .r  is  I,  2  or  3,  with  a  strongly  acidic  ion 
exchange  resin  capable  of  replacing  cations,  e  g.,  the  ion 
exchange  resin  of  the  sulfonic  acid  type  known  commer¬ 
cially  as  "Amhcrhtc"  grade  "Ut-120,"  acid  form  (see 
US.  Patent  2.901,298).  The  free  acid  is  obtained  from 
the  aqueous  solution  by  cvapoiation  at  moderately  ele¬ 
vated  temperature*,  e  g.,  40-50  ‘  C.,  at  reduced  nressure. 
This  process  is  described  in  greater  detail  in  application 
S.N.  0,855,  tiled  l-'cbiu.iry  5,  I960. 

An  alternative  method  for  the  preparation  of  the  am¬ 
monium  salt  of  the  B|0H|o —  anion  comprises  the  reac¬ 
tion  of  liquid  ammonia  with  a  decabozyl  bisforganic  sul¬ 
fide),  preferably  a  decaboryl  bis(dialkyl  sulfide),  at  a 
temperature  between  about  —50°  C.  and  0°  C.  Bis(Iow- 
“r  dialkyl  sulfides),  i.c„  those  in  which  each  alkyl  group 
has  up  to  8  carbons,  arc  especially  useful  as  starting  mate¬ 
rials  in  this  reaction.  After  the  reaction  between  the 
ammonia  and  the  decaboryl  derivative  is  complete  (about 
1  hour  being  sufficient  under  these  reaction  conditions) 
the  resulting  solution  of  the  ammonium  salt  of  the 
13IOII.0  anion  is  isola’ed  by  allowing  the  excess  am¬ 
monia  to  evaporate.  The  crude  product  is  purified  by 
subjecting  it  to  a  high  vacuum  (0.01  mm.  of  mercury) 
ai  a  temperature  of  25  °  C. 
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Another  embodiment  of  the  method  for  the  prepara¬ 
tion  of  the  ammonium  salt  of  the  Bi0Hio —  anion  com¬ 
prises  the  teac.ion  of  ammonium  hydroxide  in  aqueous  or 
aqueous-alcoholic  solution  with  a  decaboryl  bis(alkyl 
5  sulfide),  preferably  a  decaboryl  bis ( nlkyl  sulfide)  in  which 
each  alkyl  group  has  up  to  eight  carbon  atoms.  This 
embodiment  can  be  carried  out  at  temperatures  ranging 
from  room  temperature  (20-30°  C.)  up  to  100“  C.,  and 
preferably  at  a  temperature  between  60“  and  85“  C.  The 
10  resulting  ammonium  salt  is  isolated  from  the  reaction 
mixture  by  evaporation  of  the  filtered  reaction  solution 
to  dryness. 

The  decaboryl  bis(dinlkyl  sulfide)  used  as  starting  ma¬ 
terial  in  this  alternative  process  can  be  prepared  by  con- 
15  tacting  a  dialkyl  sulfide  with  decaborane  at  a  tempera¬ 
ture  between  0“  C.  and  150“  C.  until  approximately  1 
mole  of  hydrogen  is  evolved.  The  preparation  of  dec,- 
aboiyl  'oisfaihyl  sulfides)  is  described  in  greater  detail 
in  U.S.  application  S.N.  750,862,  filed  July  25,  1958.  by 
20  K.  L.  Mucttcrties. 

The  products  of  this  invention  arc  illustrated  in  further 
detail  by  the  following  examples: 

Example  l 

25  PREPARATION  OP  (MI.)sRioITiii 

Decaboryl  bis  (dimethyl  sulfide)  (8.5  g.,  3.5  milli¬ 
moles)  is  mixed  into  50  ml.  of  liquid  ammonia  and 
stirred  in  a  round-bottomed  reaction  vessel  for  1  hour 
with  the  vessel  being  cooled  to  a  temperature  of  about 
— 50°  C.  by  partial  immersion  in  a  bath  of  a  mixture  of 
solid  carbon  dioxide  and  acetone.  The  cooling  bath  Is 
then  removed  and  the  excess  ammonia  is  allowed  to  evap¬ 
orate  with  stirring.  The  remaining  traces  of  ammonia 
are  removed  by  subjecting  the  residue  to  a  high  vacuum 
35  (0.01  inm.  of  mercury)  at  25“  C.  There  is  obtained  5.6 
g.  of  solid  residue  which  is  a  virtually  quantitative  yield 
of  (NH4)jB10HI0. 

Analysis. — Calcd.  for  BI0H,SN2:  B,  70.0 %;  H,  1 1 .7%; 
N,  18.2%.  Found:  B,  66.7%;  Id,  12.2%;  N,  18.5%. 

40  This  salt  is  water  soluble.  Its  aqueous  solutions  are 
highly  conductive  to  an  e’ectric  current.  The  high  dis¬ 
sociation  of  this  compound  in  water  is  also  shown  by  its 
apparent  molecular  weight,  as  determined  by  freezing 
point  lowering  in  water.  The  observed  value  is  64  com- 
45  pared  to  a  true  molecular  weight  of  154  and  a  theoietical 
molecular  weight,  assuming  complete  dissociation,  of  51.3. 

Example  11 

50  PREPARATION  OF  (NHiNHsJ-BioIIio 

Ilydiaziuc  hydrate  is  added  to  an  aqueous  solution  of 
H2++B]oH10  (H20)3  until  the  resulting  clear  solution 

is  neutral.  The  reaction  solution  is  evaporated  and  the 
resulting  crystalline  solid  residue  is  then  dried  at  25“  C. 
55  under  a  pressure  of  1  mm.  mercury  for  4  hours. 

A nalysis. — Calcd,  for  B10H20N4:  B,  58.6%.  Found: 
B,  56.87%. 

This  (Nll2NH3):B10Hl0  burns  extremely  rapidly  com¬ 
pared  to  amine  salts  of  B]oH|0. 

CO  When  the  process  of  Example  II  is  repeated  with  the 
single  exception  that  the  hydrazine  hydrate  is  replaced 
by  an  equivalent  quantity  of  ammonium  hydroxide,  the 
ammonium  salt  (NH4)2B10Hio  is  obtained. 

C5  Example  111 

ALTERNATE  PREPARATION  OF  (NH.hB^Hu. 

Decaboryl  bis(dimethyl  sulfide)  and  a  mixture  of  equal 
parts  of  concentrated  aqueous  ammonium  hydroxide  and 
methyl  alcohol  are  heated  on  a  steam  bath  for  several 
minute:.  The  reaction  mixture  is  then  cooled  and  fil¬ 
tered  and  the  filtrate  is  evaporated  to  dryness.  The  re- 
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Milling  solid  is  1  lie  ammonium  salt  of  the  formula. 

(NII();BiflHio 

The  lu'cmiiy  of  this  salt  is  confirmed  by  its  infrared  ab¬ 
solution  spectrum. 

1  l:o  ?.  ills  of  this  invention  are  especially  useful  as  high 
energy  fuels,  because  of  their  high  heats  of  combustion. 
The  ammonium  t.r.J  hydrazine  salts  of  BioHu  anion, 
being  free  of  c.itboti,  have  a  marked  advantage  over  the 
substitute J  nuuu.or.ium  s..lts  of  B;cHio —  in  their  value 
as  high  mercy  feels. 

lhc  s  ilts  of  th:'  invention  are  also  useful  as  chemical 
intermediates. 

Since  obvious  modifications  and  equivalents  in  the 
invention  will  le  evident  to  those  skilled  in  the  chemical 
arts,  1  propose  to  be  hound  solely  by  the  appended 
claims. 

1  he  embodiments  of  the  invention  in  which  an  ex¬ 
clusive  pteperty  or  privi'ege  is  claimed  are  defined  as 
follows: 

1.  The  ammonium  and  hydrazine  salts  of  the  boron 
hydride  union  l5!CIlu~~,  said  salts  being  selected  from 
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the  class  consisting  of  (NH4)2B;dHi0  and 
(NH2NH3)2B2iH,0 

2.  (NH4):B10H1o. 

6  3.  (NH2NH3)2B,0H10. 

4.  The  process  which  comprises  reacting  a  member 
of  the  group)  consisting  of  ammonium  hydroxide  and 
hydrazine  hydrate  with  the  boron  hydride  acid 

H.++B:cH13--(H20)j 

and  isolating  the  resulting  product 

5.  The  process  which  comprises  reacting,  at  a  tem¬ 
perature  in  the  'range  —50-“  to  0°  C.,  ammonia  with  a 
dccaboryl  bis  (lover  alkyl  sulfide),  and  isolating  the  re- 

15  suiting  product. 

6.  Process  for  preparing  (NH4)2BicHi0  which  com¬ 
prises  reacting  at  a  temperature  in  the  range  of  20°  to 
100°  C.  ammonium  hydroxide  v-itb  a  decaboryl  bis(lower 
alkyl)  sulfide  and  iso’ating  the  resulting  (NH4)2Bi0Hj0. 

20 
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This  invention  relates  to  a  novel  boro  n  -con  tain  in  g  acid  io 
and  metal  salts  thereof  and  to  methods  for  their  prepara¬ 
tion. 

More  particularly,  this  invention  is  directed  to  com¬ 
pounds  which  can  be  represented  by  the  formula. 

(1)  XjfB.oH.ol.-fHjOJp  15 

where  X  is  selected  from  the  group  consisting  of  hydrogen 
and  metal  ons,  y  is  the  number  of  X  ions  and  is  a  positive 
whole  number  greater  than  0  and  smaller  than  3  (Le,  1 
or  2),  1  is  equal  to  20 

y  times  the  valence  of  the  X  ions 


and  p  is  the  number  of  molecules  of  water  of  hydration  25 
and  is  a  cardinal  number  from  0  to  3,  inclusive. 

_  In  Formula  1,  the  value  of  p  is  independent  of  that  for 
either  y  or  z.  When  two  or  more  X  ions  arc  present,  these 
can  be  ions  of  the  same  or  different  element  (i.e.,  hydro¬ 
gen  or  a  metal),  but  usually  such  ions  in  any  given  salt  30 
will  all  have  the  same  valence,  as  in  Formula  1. 

The  metal  ion3  in  the  salts  of  this  invention  can  be  de¬ 
rived  generally  from  any  metal.  The  metals  according  to 
the  Periodic  Table  in  Deming’s  “General  Chemistry,”  5th 
cd.,  chap.  11,  John  Wiley  &  Sons,  Inc.,  and  in  Lange's  35 
“Handbook  of  Chemistry,  ’  9th  ed„  pp.  56-57,  Handbook 
Publishers,  Inc.  (1956),  are  the  elements  of  Groups  I,  II, 
VIII,  m-B,  IV-B,  V-B,  VI— B,  VII— B  and  the  elements  of 
Groups  in— A,  IV-A,  V— A,  and  VI— A  which  have  atomic 
numbers  above  5,  14,  33  and  52,  respectively.  These  40 
metals  include  both  light  and  heavy  metals.  The  light 
metals  are  also  known  as  the  alkali  metals  and  the  alkaline 
earth  metals.  The  heavy  metals  include  brittle,  ductile 
and  low-melting  metals  as  described  in  the  above-men¬ 
tioned  Periodic  Table  in  Lange’s  “Handbook  of  Chcrn-  45 
istry." 

Preferred  metal  cations  are  drived  from  the  elements 
of  Groups  I-A,  U-A,  I-B,  n-B,  and  of  Groups  VI-B  and 
vm  having  an  atomic  number  less  than  75. 

Most  preferred  metals  for  use  in  the  salts  of  this  inven-  50 
tion  are  the  light  metals  (the  alkali  and  alkaline  earth 
metals  of  Groups  I— A  and  II-A,  having  an  atomic  num¬ 
ber  less  than  87,  i.e.,  lithium,  sodium,  potassium,  rubidium, 
cesium,  beryllium,  magnesium,  calcium,  strontium,  and 
barium,  and  elements  of  Group  I-B  having  an  atomic  55 
number  less  than  79  and  of  Group  II— B  having  an  atomic 
number  less  than  81,  i.e.,  copper,  stiver,  zinc,  cadmium 
and  mercury. 

The  anion  of  the  novel  boron-containing  acid  of  this 
invention  can  be  conveniently  represented  by  the  formula:  60 

(2)  B10H10 — 

The  acid  of  this  invention  can  be  represented  by  the 
formula: 

(3)  Hj++B10HI0  •  (HjO)0  65 

where  n  is  a  positive  whole  number  greater  than  1  and 
less  than  4  (i.e.,  2  or  3).  The  acid  can  also  be  repre¬ 
sented  as  a  hydronium  compound,  and  as  such  is  charac¬ 
terized  by  the  formula:  70 

(4)  ;  (H)O)j++B15H10  -(HjO),,, 
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where  m  Is  the  whole  number  0  or  1.  Formula  4  shows 
perhaps  most  clearly  the  form  of  the  association  of  two 
moles  of  water  in  the  acid.  However,  in  this  application. 
Formula  3  will  be  used  to  identify  the  novel  acid  of  the 
present  invention,  except  that  when  the  acid  is  in  HjO 
solution,.water  of  hydration  may  be  disregarded. 

The  boron-containing  acid  of  Formula  3  is  prepi'ed  by 
contacting  an  aqueous  solution  of  a  boron  hydride  amine 
salt  with  a  strongly  acidic  cation  exchange  resin. 

The  boron  hydride  amine  salt  used  can  be  represented 
by  the  formula: 

(5)  (R3NH)3BI0H10 

wherein  R  is  hydrogen  or  an  alkyl  radical  (preferred  alkyl 
radicals  contain  less  than  19  carbon  atoms).  More  pre¬ 
ferred  boron  hydride  amine  salts  for  use  in  the  present  in¬ 
vention  are  those  of  Formula  5  wherein  R  is  hydrogen 
or  an  alkyl  radical  of  less  than  7  carbon  atoms. 

The  strongly  acidic  cation  exchange  resin  is  preferably 
of  the  sulfonic  acid  variety,  for  sulfonic  acid  resins  are 
commonly  available  strongly  acidic  resins  as  the  art  appre¬ 
ciates. 

Common  strongly  acid  cation  exchange  resins  which  are 
commercially  available  include  “Amberlite”  IR-120-H,  a 
trademark  of  the  Rohm  &  Haas  Co.,  and  “Dowex”  50, 
a  trademark  cf  the  Dow  Chemical  Co.  These  resins,  in 
general,  comprise  a  coplymer  base  of  a  styrene  polymer 
cross-linked  with  a  divinylbenzene  which  base  is  sulfo- 
nated  to  introduce  sulfonic  acid  groups  into  the  aryl  nu¬ 
cleus  as  the  polar  groups. 

As  indicated,  the  boron  hydride  amine  salt  of  Formula 
5  is  contacted  with  such  a  strongly  acidic  cation  exchange 
resin.  This  contact  is  accomplished  by  passing  an  aque¬ 
ous  solution  of  the  amine  salt  through  the  ion  exchange 
resin,  or,  alternatively,  by  stirring  tbc  ion  exchange  resin 
in  an  aqueous  solution  of  the  amine  salt.  While  the  con¬ 
centration  of  amine  salt  in  the  aqueous  solution  can  vary 
over  extremely  wide  limits  and  is  entirely  non-critical  in 
value,  it  is  preferred  to  use  an  aqueous  solution  containing 
from  about  5  to  75  weight  percent  of  the  amine  salt.  Time 
of  contacting  is  not  critical. 

The  aqueous  solution  of  the  amine  salt  is  conveniently 
passed  through  a  cylindrical  reaction  tube  packed  with  the 
ion  exchange  resin,  or  the  ion  exchange  resin  is  stirred  with 
an  aqueous  solution  of  the  amine  salt  in  a  corrosic  n-resist- 
ant  container.  Any  operating  temperature  between  the 
freezing  point  and  boiling  point  of  water  can  be  used. 

In  general,  the  pH  of  the  effluent  or  filtrate  (as  the  case 
may  be)  following  contact  with  the  exchange  resin  de¬ 
pends  at  least  in  part  on  concentration  of  B10H;o~- 
anion.  Such  effluent  or  filtrate  is  thus  never  neutral  or 
basic  (i.t  .  the  pH  is  always  less  than  7). 

The  boron-containing  acid  is  soluble  in  water  and  can 
be  isolated  fiom  the  clear,  colorless,  aqueous  effluent 
by  evaporation  of  the  water  at  moderately  elevated  tem¬ 
peratures,  e.g.,  30—40*  C.  for  several  hours,  preferably 
under  reduced  pressure  (0.1-5  mm.  of  mercury). 
residue  is  a  liquid  which  is  free  nf  niirnj.n 

The  acid  ot  this  invention  is  strongly  acidic  and  is 
stable  indefinitely  in  aqueous  solution.  This  is  a  unique 
property  that  is  not  exhibited  by  any  other  known  boron 
hydride  acid.  This  acid  also  has  the  unique  property  of 
being  hypergolic  with  phosphorus  pentoxide.  The  acid 
is  soluble  in  ethers,  alcohols,  and  water  and  it  forms  a  red 
dye  when  reacted  with  concentrated  nitric  acid  under 
certain  conditions.  {  The  most  significant  bands  in  the  m- 
frar&Labsorption  spectrum  of  this  acid  are  found  at  ap- 
pioximatelv  2.75,  4.0,  62,  9.25  and  9.7~niicronT  TH7F 
acldis  also  a  polymerization  initiator,  e.g.,  it  poi>  merries 
isobutylene  at  room  temperature  under  a  pressure  of  1-3 
atmospheres  or  more.  This  acid  has  a  pKa  value  of 
approximately  1.5.  __  . 
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The  metal  salts  of  this  invention  can  easily  be  prepared 
by  any  of  three  routes.  On  one,  the  acid  is  neutralized  to 
a  pH  of  at  least  7  in  aqueous  solution  with  an  aqueous 
dispersion  (i.e  ,  a  solution  or  suspension)  of  an  inorganic 
base  containing  the  desired  metal,  such  as  an  alkali  or  6 
alkaline  earth  metal  hydroxide, 

In  general,  one  will  employ  an  aqueous  solution  of  the 
inorganic  base  which  contains  from  about  1  up  to  say 
7J  weight  percent  of  tbe  desired  metal.  In  any  given 
instance,  of  course,  the  actual  amount  of  metal  needed  jp 
will  be  the  molal  equivalent  weight  needed  to  form  the 
metal  salt  of  the  desired  acid.  Thus,  this  process  in¬ 
volves  the  step  of  neutralizing  an  aqueous  solution  of  the 
acid  Hj^BioHio —  with  an  aqueous  dispersion  of  an 
inorganic  base  containing  the  metal  whose  salt  of  BioHj0  15 
anion  is  desired. 

The  resulting  aqueous  solution  of  the  metal  salt  of  the 
B]0Hio —  anion  is  concentrated  by  evaporation  of  water 
until  the  salt  crystallizes  out.  The  crystalline  salt  is  then 
dried  under  reduced  pressure,  e.g.,  0.1  mm.  of  mercury,  20 
and  moderately  elevated  temperatures,  e.g.,  100°  C.  The 
water  of  hydration  of  the  metal  salts  can  be  removed  by 
heating  for  several  hours  at  a  temperature  of  about  200' 

C.  under  low  pressure,  e.g.,  0.1  mm.  mercury  or  even 
lower.  This  method  is  especially  suitable  for  preparing  25 
alkali  metal  and  alkaline  earth  metal  salts. 

In  the  second  method,  the  salts  of  this  invention  can  be 
prepared  by  reaction  of  a  decaboryl  bisfalkyl  sulfide)  with 
an  inorganic  base  in  aqueous,  alcoholic,  or  aqucous-alco- 
holic  solution.  This  reaction  can  be  carried  out  at  tern-  30 
peratures  ranging  from  room  temperature  (20-30*  C.) 
up  to  100*  C.,  the  exact  temperature  selected  in  any  par¬ 
ticular  case  being  dependent  on  the  particular  base  em¬ 
ployed.  Preferably,  the  reaction  is  carried  out  at  a  tem¬ 
perature  between  60*  and  85  *  C.  35 

The  term  “base"  is  used  herein  in  its  coventional  mean¬ 
ing  where  it  signifies  any  molecule  or  ion  which  is  capable 
-of  combining  with  a  proton  (i.e.,  of  acting  as  a  proton 
acceptor) — see,  for  example,  p.  309  of  Moeller’s  “Inor¬ 
ganic  Chemistry,"  John  Wiley  &  Sons,  Inc.  (1952).  In¬ 
organic  bases  which  are  especially  suitable  for  use  in 
this  process  incIudeThe  oxides,  hydroxides  and  alkoxides 
of  the  metals  of  Groups  I-A  and  II-A  of  the  Periodic 
Table  (e.g.,  the  Table  shown  on  p.  122  of  Moeller's 
“Inorganic  Chemistry”)  having  an  atomic  number  less  45 
than  57.  Of  course,  when  an  oxide  is  employed  as  a  re¬ 
actant  in  an  aqueous  solution,  the  oxide  is  converted  to 
the  hydroxide  which  can  then  react  with  the  decaboryl 
bis(alkvl  sulfide). 

A  third  way  of  preparing  metal  salts  of  the  B10H|0 —  50 
anion  is  to  add  a  solution  of  the  boron  hydride  acid, 

Hj++BitH|0 - (H30)„,  or  of  a  soluble  salt  of  this  acid, 

e.g.,  the  ammonium  salt,  to  a  solution  of  a  soluble  salt 
of  that  metal  whose  B10H|0  salt  is  desired  under  such  con¬ 
ditions,  e.g.,  particular  solvent  employed,  that  the  desired  55 
BioHio  metal  salt  precipitates  from  the  reaction  solution. 
Thus,  this  process  involves  the  step  of  adding  to  a  solu¬ 
tion  of  a  soluble  salt  of  that  metal  whose  B|OH|0  salt  is 
desired  a  second  solution  containing  a  member  of  the 
group  consisting  of  the  acid  H3++B1(>H]o —  and  metal  60 
salts  thereof  which  are  soluble  in  the  choseD  solvent  sys¬ 
tem,  the  solvent  system  for  the  reactants  being  one  in 
which  the  desired  metal  salt  of  the  B|0H|0 —  anion  is 
relatively  insoluble  and  in  which  the  other  reaction  prod¬ 
ucts  are  relatively  soluble. 

A  preferred  solvent  system  for  this  process  employs 
water.  When  one  uses  aqueous  solutions,  the  process 
involves  the  step  of  adding  to  an  aqueous  solution  of  a 
water-soluble  salt  of  such  metal  a  second  aqueous  solution  -n 
of  a  compound  selected  from  the  group  consisting  of  1 
the  acid  H3++B|0Hla  and  its  water-soluble  salts.  For 
example,  an  aqueous  solution  of  silver  nitrate  or  mercuric 
nitrate  is  added  to  an  aqueous  solution  of  the  boron  hy¬ 
dride,  acid  whereunon  thr  mrlat  salt  rvf  ih*.  inn  *« 
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precipitates  out  as  a  white  or  light-colored  salt.  This 
method  is  especially  suitable  for  preparing  heavy  metal 
salts,  although  it  is  not  restricted  to  these  particular 
metals.  It  is  preferable  that  the  preparation  of  the  silver 
salt  be  conducted  under  conditions  providing  minimum 
exposure  to  light,  although  exclusion  of  light  is  not  essen¬ 
tial  for  operability.  Another  example  of  this  method  is 
to  add  an  aqueous  solution  of  a  metal  salt,  e.g.,  cesium 
fluoride  or -silver  nitrate,  to  an  aqueous  solution  of  the 
ammonium  salt  of  BjoHjo  ,  whereupon  the  cesium  or 
silver  salt  of  B,0II,0  precipitates  immediately  as  a  white  or 
light-colored  salt. 

The  metal  salts  of  this  invention,  as  well  as  tie  free 
acid,  possess  high  hydrolytic  stability.  For  example, 
they  can  be  refluxed  with  methanolic  solutions  of  sodium' 
metboxide  for  several  hours  without  undergoing  hydrol¬ 
ysis  This  stability  is  quite  unusual  for  boron  hydride 
salts. 

The  amine  salts  of  the  BioHn, —  anion  used  as  starting 
materials  in  the  process  of  this  invention  can  be  pre¬ 
pared  by  reaction  of  2  moles  of  a  primary,  secondary, 
or  tertiary  alkylamine  or  of  ammonia  wiih  1  mole  of  a 
decaboryl  bis  (alkyl  sulfide),  e.g.,  decaboryl  bis(dimetbyl 
sulfide),  at  a  temperature  between  about  — 50*  and 
100*  C.  The  preparation  of  such  amine  salts  of  the 
BioHio  anion  is  described  in  greater  detail  in  Serial  No. 
6,853,  filed  February  5,  1960,  and  Serial  No.  6,854,  filed 
February  5,  1960. 

Tbe  decaboryl  bis(alkyl  sulfide)  used  as  the  precusor 
for  the  amine  salts  can  be  prepared  by  reaction  of  1  mole 
of  decaboi  ane  with  2  moles  of  a  dialkyl  sulfide  at  a  tem¬ 
perature  between  0*  and  100*  C.,  as  described  in  greater 
detail  in  U.S.  application  Ser.  No.  750,862,  filed  July 
25,  1958.  y 

The  products  and  process  of  this  invention  are  illus¬ 
trated  in  further  detail  in  the  following  examples: 

Example  A 

PREPARATION  OF  Bh>Hi,-2(CHi)-S 

A  reaction  vessel  having  capacity  of  about  365  r.-.i.  is 
charged  with  0.79  g.  (6.5  millimoles)  of  dccabcrane, 
cooled  in  liquid  nitrogen,  and  then  evacuated  to  a  pres¬ 
sure  of  10  microns  of  mercury.  Approximately  21  g.  of 
methyl  suifide  is  condensed  onto  the  decaborane  in  the 
reaction  vessel.  The  reaction  vessel  is  closed,  and  then 
allowed  to  warm  to  room  temperature  and  stand  for  4 
days.  During  this  time,  6.6  millimoles  of  hydrogcu  is 
evolved.  The  reaction  vessel  is  then  opened  and  excess 
methyl  sulfide  is  removed  by  distillation,  leaving  a  practi¬ 
cally  quantitative  yield  of  white  solid  residue  of 


Bu>HJ3-2(CHj)3S 

Analysis— Calc’d.  for  BnAHj.S,:  B,  44.26%;  C, 
19.67%;  H,  9.84%;  mol.  wt,  244.  Found:  B,  43.67%- 
C,  21.17%;  H,  10.00%;  inol.  wt,  220,  213. 

Example  B 

PREPARATION'  OF  (KB.)tB»n» 

Decaboryl  bis(dimethyl  sulfide)  (8.5  g„  3.5  milli¬ 
moles)  is  mixed  into  50  ml.  of  liquid  ammonia  and  stirred 
in  a  round-bottomed  reaction  vessel  for  1  hour  with  tbe 
vessel  being  cooled  to  a  temperature  of  about  —50*  C. 
by  partial  immersion  in  a  bath  of  a  mixture  of  solid  car¬ 
bon  dioxide  and  acetone.  Tbe  cooling  oath  is  then  re¬ 
moved  and  tbe  excess  ammonia  is  allowed  to  evaporate 
with  stirring.  The  remaining  traces  of  ammonia  are  re¬ 
moved  by  subjecting  tbe  residue  to  a  high  vacuum  (0C1 
mm.  of  mercury)  at  25*  C.  There  is  oblained  5.6  g  of 
solid  residue  which  is  a  virtually  quantitative  yield  of 
(NH4)3B,0H,o.  , 

Analysis.— Ci Ic'd,  for  B10HUN3:  B.  70.0%;  H,  i  I  7%- 

NJ  1R7CC.  Pnnr.,1-  n  u  n-tp*.  vi  ,o,p' 
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Example  C 

PREPARATION  OF  [ (CII.).CNH.],B,»H» 

Five  grams  of  decaboryl  bis(dimethy]  sulfide)  of  the 
formula  Hi&H|j-2(CHj)jS  (2.5  millimoles)  and  50  ml.  of 
terL-butylamine  ire  mixed  and  heated  at  reflux  tempera¬ 
ture  (approximately  45*  C.)  for  1.5  hours.  The  solid 
reaction  product  that  is  formed  is  removed  by  filtration 
•  nd  dried  under  vacuum  (0.1  mm.  or  mercury)  There 
is  obtained  4.6  g.  (83.5 *>0  ol  theory)  of  the  boron  hydride 
amine  salt  ( (CHj),CNH,]3B,oHio  in  almost  pure  form. 

Analysis.— C alc'd.  for  B10CaH3,N3:  B,  40.6%;  C. 
36.06%;  H,  12.86%;  N,  10.51%.  Found:  B,  39.73%;  C, 
36.56%;  H,  12.72%;  N,  10.47%. 

A  small  amount  of  water-insoluble  material  is  present 
in  this  product.  This  can  easily  be  removed  by  extract- 
ingthe  1(CHj)jCNHj13B1(^110  with  water. 

Example  l 

PREPARATION  OF  nfB,«n,I-(niO). 

A  soluuon  of  3.6  g.  of  ( (CHjljCNHjhB^H^  in  30 
ml.  o!  water  is  passed  through  a  0.5"  diameter  chroma¬ 
tography  column  containing  80  ml.  of  the  ion  exchange 
resin  known  commercially  as  "Amberlite,”  IR-120,  acid 
form.  The  water  effluent  obtained  is  clear,  colorless 
and  acidic.  The  column  is  rinsed  with  more  water  until  ' 
the  effluent  is  no  longer  acidic  and  the  water  fractions  are 
combined.  Evaporation  of  this  aqueons  solution  tinder 
reduced  pressure  (1  mm.  mercury)  at  a  temperature  of 
about  40*  C.  leaves  a  yellow  liquid  acid  which  is 

H3++B1oH10—  (H30)3 

As  noted  previously,  the  formula  for  this  acid  can  also  be 
written  as  <H,O)3+  +  BloP10(H3O).  Comparison  of  the 
infrared  absorption  spectrum  of  this  acid  with  the  spectra 
of  other  xalts  of  the  Bi^Hm —  anion  establishes  the  pres-  ‘ 
ence  of  the  anion.  The  complete  removal  of  the  tert.- 
butyl-ammonium  ciuon  is  proved  by  the  absence  of  ni¬ 
trogen  in  the  product  as  determined  by  elemental  analysts. 
The  presence  of  the  bydronium  cation  is  shown  by  the 
acidic  nature  of  the  product  and  is  in  agreement  with  the  4 
infrared  absorption  spectrum. 

Analysis. — Calc'd.  for  B10H„Oj:  B,  61.9%  H,  10.5%; 
N,  0.0%.  Found:  B,  61.4%  H,  9.52%;  N.  0.0%. 

The  acid  is  unique  in  that  it  is  hypergolic  with  phos¬ 
phorus  pemoxide.  This  provides  a  new  high  energy  com-  4 
bination  for  propulsion  purposes.  The  addition  of  the 
acid  to  phosphorus  pentoxide  causes  the  acid  to  ignite  and 
to  burn  rapidly.  The  acid  is  stable  at  ordinary  and 
alightly  elevated  temperatures,  i.e.,  up  to  about  50*  C. 

Further  drying  under  vacuum  of  the  compound  of  6 
Example  I  produces  a  compound  of  the  formula 

Hi++BlttHI0-(H3O)3  or  (H30)3++B)()H1(, 

This  dihydrate  is  a  water-soluble  white  solid  with  essen¬ 
tially  the  same  infrared  absorption  spectrum  as  the  trihy-  51 
drate  of  Example  L 

Example  II 

PREPARATION  OF  NuBuHia 
A  solution  of  H3+  +  B|oH|0  (H3Oj)  in  about  100  ml.  6< 
of  water  is  prepared  from  (NH<)3BI0HI0  and  an  acidic  ion 
exchange  resin  as  described  in  Example  I.  The  solulion 
is  neutralized  with  2  N  sodium  hydroxide  solulion  and 
the  resulting  reaction  mixture  is  concentrated  under  re¬ 
duced  pressure  until  crystallization  of  the  residue  occurs.  65 
The  residue  is  further  dried  under  reduced  pressure  (about 
0.1  mm.  of  mercury)  at  56*  C.  for  18  hours. 

Analysis.— Calz'd  for  NajBujHio'HjO:  B',  59.4%;  H, 
6.6%;  Na,  25.3%.  Found:  B,  57.13%;  H,  5.83%;  Na. 
24.6%.  70 

The  water  of  hydration  of  the  sodium  salt,  prepared  as 
described  above,  can  be  removed  by  heating  at  180*  C. 
for  3  hours  at  a  pressure  of  less  than  0.1  mm.  of  mercury. 
Analysis. — Calc’d  for  Na3B10H,0:  Na,  66.0%.  Found' 

Na,  64.35%.  ' 
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Example  III 

PREPARATION  OF  BaBuHu 
An  aqueous  solution  of  H3++B,oH10— (H303)  having 
6  a  concentration  of  3  g.  of  acid  per  100  ml.  of  water  is 
added  to  a  slurry  of  1.8  g.  of  barium  hydroxide  in  water 
urvul  the  barium  hydroxide  is  neutralized.  Evaporation 
of  the  water  leaves  a  crystalline  white  solid  residue  The 
residue  is  healed  at  110*  C.  for  4  hours  at  a  pressure  of 
10  less  than  0.1  mm.  of  mercury.  The  dried  product  is  a 
compound  of  the  formula  BaBlftH10. 

-  Analysis.  Calc’d  for  BaB1(>H10:  Ba,  53.6%;  B,  42  4% 
Found;  Ba  53.11%;  B,41  26%. 

The  barium  salt  can  also  be  obtained  as  a  trihydrale, 
i.e.,  BaB1(>H10'3H3O  [Ba  (calc’d),  44.4%;  Ba  (found)’ 
43.69%]. 

Example  IV 

PREPARATION  OF  AgiBioHia 
_  An  aqueous  solution  of  silver  nitrate  Is  added  to  a  solu¬ 
tion  of  H3++B10H|0—  -3HjO  in  water.  A  white  or  slight¬ 
ly  cream  colored  solid  precipitates  from  the  reaction  mix¬ 
ture.  To  obtain  a  white  precipitate,  it  is  preferable  to 
employ  an  excess  of  the  acid,  i.e.,  an  excess  of 

5  H3++B10H10 — 3H30 

The  reaction  may  be  performed  in  the  absence  of  light 
to  minimize  darkening  of  the  silver  .salt  but  it  is  not  es¬ 
sentia]  that  light  be  excluded.  The  salt  is  separated  by 
filtration.  The  solid  residue  is  rinsed  with  ethyl  alcohol 
and  it  is  then  dried  in  air.  The  identity  of  the  compound 
is  confirmed  by  elemental  analysis. 

CaJcd  for  AEaBioHi0:  Ag,  64.7%;  B, 
32.4%.  Found:  Ag.  65.42%;  B,  31.88%. 

-  Infrared  absorption  spectra  obtained  from  the  silver  salt 
3  shows  that  it  is  anhydrous. 

The  compound  of  Example  IV  is  a  unique  silver  salt  of 
a  boron  hydride.  Ail  other  such  compounds  are  unstable 
and  yield  elemental  silver.  The  silver  salt,  after  exposure 
to  light,  can  be  reduced,  i.e.,  developed,  by  commercially 
available  photographic  developers  and  it.  therefore,  has 
potential  usefulness  in  photographic  and  copying  proc- 

Examples  II-IV  illustrate  the  salts  of  the  invention  by 
reference  to  three  particular  metal  salts.  However,  other 
i  metal  salts  are  included.  Thus,  if  the  process  of  Exam¬ 
ple  H  is  repeated  with  the  exception  that  the  sodium  hy¬ 
droxide  is  replaced  with  lithium,  potassium,  rubidium  or 
cestum  hydroxides,  the  corresponding  iithium,  potassium 
rubidium  and  cesium  salts  of  the  anion  are 

1  produced.  Likewise,  when  the  barium  hydroxide  used  in 
Example  HI  is  replaced  by  other  alkaline  earth  metal  hy¬ 
droxides,  e.g„  beryllium,  magnesium,  calcium  or  stron¬ 
tium  hydroxides,  the  corresponding  beryllium,  magnesi¬ 
um,  calcium  and  strontium  salts  of  the  B10H10—  anion 
are  produced.  Oxides  of  metals,  as  well  as  the  hydrox¬ 
ides,  can  be  employed  in  the  process  of  Example  III  to 
obtain  metal  salts.  To  illustrate,  the  oxides  (or  hydrox¬ 
ides)  of  nickel,  tin,  lead,  chromium,  bismuth  and  iron 
may  be  used  to  obtain  the  nickel,  tin,  lead,  chromium, 
bismuth  and  iron  salts  of  the  B10H10—  anion. 

Nitrates  of  metals  generally  can  be  employed  in  the 
process  of  Example  IV  to  obtain  heavy  metal  salts.  To 
illustrate,  by  using  mercuric  nitrate  in  the  process  of  Ex¬ 
ample  IV,  there  is  obtained  the  mercury  salt  of  the 
BioHm  anion,  i.e.,  HgB10H|o. 

Carbonates  of  metals  can  be  used  with  aaueous  solu¬ 
tions  of  the  boron  acid  of  the  invention  to  obtain  the  cor¬ 
responding  metal  salts.  To  illustrate,  the  carbonates  of 
beryllium,  magnesium,  zirconium,  manganese,  cobalt, 
nickel,  or  zinc  react  w  ith  an  aqueous  solution  of 

K3++BjoHio —  (H30)3 

to  form  the  corresponding  metal  salts  of  the  acid  A  wide 
range  of  metal  salts  of  the  boron-containing  acid  can  thus 
be  obtained  by  using  the  appropriate  metal  compound  as 
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»  rcactanL  These  r-.eLal  salts  include,  in  addition  to 
those  named  previously,  the  salts  of  vanadium,  molyb¬ 
denum,  tunpaen,  copper,  germanium,  antimony,  and 
the  like. 

The  soluble  metal  salts  of  this  invention  can  be  con¬ 
verted  to  the  fire  arid  Hi++B10H10 — (HjO)n,  by  passing 
the  aqueous  solution  of  the  salts  through  an  ion  exchange 
column  as  described  in  Example  I. 

Example  V 

PREPARATION  OF  Cult, all, o-fljO 

A  solution  of  55  g,  of  (NH^jB^Hu,  in  105  ml.  of 
water  is  mixed  with  120  ml.  of  a  50%  aqueous  solution 
of  cesium  fluoride.  A  while  precipitate  forms  immedi¬ 
ately.  This  piecipitale  is  recrystallized  from  water  and 
there  is  obtained  83  g.  of  coarse,  white  needles  of 

CsjBipHjQ-HjO 

The  infrared  absorption  spectrum  obtained  with  this  salt 
has  a  very  intense  BH  band  at  4.0  microns  and  weak 
skeletal  barx-s  at  9.1,  9.3  and  9.7  microns.  NH«  bands 
are  totally  absent.  This  salt  is  slightly  hygroscopic. 

A nalyus. — Calc'd  for  C^BmHjjO:  B,  26.91%;  H, 
3.09%.  Found:  B,  27.23%;  H,  3.16%. 

Example  VI 

PREPARATION  OF  ZnB,»Hui 

A  saturated  solution  of  zinc  acetate  in  ethyl  alcohol 
(30  ml.)  is  mixed  with  a  solution  of  0.5  g.  of 
(NH,)jB10H10  in  2  ml.  of  ethyl  alcohol.  The  solid  which 
precipitates  from  the  reaction  mixture  is  rinsed  with  a 
small  amount  of  ethyl  alcohol  and  dried.  The  infrared 
absorption  spectrum  of  this  product  indicates  that 
ZnB,»Hlt  is  present. 

Example  VII 

PREPARATION  OF  CsCuBioHu 

A  solution  of  12.0  g.  of  cupric  nitrate  trihydrate  in 
30  ml.  of  water  is  mixed  with  a  solution  of  1.1  g.  of 
(NH<)]B,eHig  in  15  ml.  of  water  (acidified  with  nitric 
acid)  and  a  dark  blue  color  forms.  Approximately  10 
ml.  of  this  blue  reaction  mixture  is  mixed  with  3  ml. 
of  a  concentrated  (approximately  50%)  aqueous  solu¬ 
tion  of  cesium  chloride.  A  light  gr3y  solid  precipitates 
from  the  reaction  mixture  and  this  solid  is  filtered  out 
and  dried  at  room  temperature.  This  is  the  mixed  cop¬ 
per  cesium  salt  of  the  B10Hi0  anion. 

Analysis. — Calc'd  for  CsCuBioHu:  B,  34.4%;  Cs, 
42.3%;  Cu,  20.2%;  H.  3.18%.  Found:  B,  36-53%;  Cs, 
383%;  Cu,  16.79%;  H,  4.08%. 

Example  VIII 

A  solution  of  10.8  g.  (0.2  mole)  of  sodium  methylate 
in  100  ml.  of  methyl  alcohol  is  added  to  a  solution  of 
24.4  g.  (0  1  mole)  of  dccaboryl  bis(dimethyl  sulfide) 
in  100  ml.  of  methyl  alcohol. _  The  mixture  is  stirred  for 
1  hour  at  room  temperature  (approx.  25’  C.)  and  for 
13  hours  under  reflux.  At  tae  end  of  this  period,  the 
reaction  mixture  is  filtered  and  the  filtrate  is  evaporated 
to  dryness.  There  is  obtained  18  g.  of  a  white,  powdery 
solid.  The  infrared  absorption  spectrum  of  this  solid  indi¬ 
cates  the  product  to  be  the  sodium  salt  of  the  B10Hi0 — 
anion,  Le.,  Na3BlsHi0. 

Example  IX 

A  mixture  of  2.25  g.  of  decabory!  bis(d:methyl  sul¬ 
fide),  0.65  g.  of  sodium  hydroxide  and  20  ml.  of  water 
is  heated  on  a  steam  bath  for  15  minutes.  The  reaction 
mixture  is  filtered,  and  the  filtrate  is  evaporated  to  dry¬ 
ness.  The  residue,  which  is  the  sodium  salt  Na3B;(}H|o, 
is  dissolved  in  methyl  alcohol.  The  addition  of  a  methyl 
alcoholic  solution  of  tetramethylammonium  chloride  to 
the  solution  of  Na3B,0H10  causes  a  precipitate  of 
r(CHj)1N]3B16Hlg.  The  infrared  absorption  spectrum  of 
this  tetramethylammonium  salt  of  BwHuj —  is  in  agree- 
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ment  with  the  spectrum  of  an  authentic  sample  of  this 
salt. 

The  arid  of  this  invention  and  its  metal  salts  are  use¬ 
ful  as  Intermediates  in  the  formation  of  dyes.  For  ex- 
5  ample,  when  concentrated  nitric  acid  is  added  dropwise 
to  a  50%  aqueous  solution  of  the  acid 

H1++B10T10--(HaO), 

a  point  is  reached  at  which  a  dark  blue  color  forms. 

10  Addition  of. the  nitric  acid  is  stopped  and  the  solution 
is  stirred  for  several  minutes,  at  which  point  the  color 
of  the  solution  is  dark.  red.  The  solution  is  useful  for 
dyeing  polyacrylonitrile  fibers.  Polyacrylonitrile  staple 
fiber,  immersed  in  this  red  solution  and  boiled  for  about 
]5  2  minutes,  is  dyed  an  atliactive  red  color.  The  solution 
of  the  dye  prepared  as  described  above  can  be  diluted 
with  water,  if  desired,  for  using  it  as  a  dye  bath.  When 
the  pH  of  the  solution  is  brought  to  4-5  by  addition  of 
sodium  carbonate,  the  solution  is  suitable  for  dyeing 
20  fibers  of  cellulose  acetate  and  of  nylon.  Various  shades 
can  be  produced  by  changing  the  pH  of  the  dye  bath  or 
the  duration  and  temperature  of  the  dyeing  step.  Treat¬ 
ment  of  salts  of  the  boron  hydride  anion  Bi0H|0 —  with 
nitric  acid  in  the  manner  described  above  for  the  free 
25  acid  produces  dyes  that  are  useful  for  dyeing  cellulose 
v  acetate,  nylon  and  polyacrylonitrile  fibers  and  fabrics.  - _ , 

The  acid  of  this  invention  and  its  hydrates  are  useful 
in  high  energy  fuels.  The  acid  and  its  hydrates  are  ignited 
by  treatment  with  concentrated  nitric  acid  or  with  phos- 
30  phonrs  pentoxidc  and  the  compounds  burn  rapidly.  The 
salts  are  also  useful  as  compounds  of  high  energy  fuels, 
particularly  with  nitric  acid.  The  silver  salt  can  be 
used  in  photographic  processes. 

The  foregoing  detailed  description  has  been  given  for 
35  clearness  of  understanding  only  and  no  unnecessary  lim¬ 
itations  are  to  be  understood  therefrom.  The  invention 
is  not  limited  to  the  exact  details  shown  and  described, 
for  obvious  modifications  will  occur  to  those  skilled  in 
the  art. 

40  The  embodiments  of  the  invention  in  which  an  exclu¬ 
sive  property  or  privilege  is  claimed  are  defined  as  follows: 

1.  A  compound  having  the  formula 

X7(B10HI0),(H3O)p 

where  X  is  selected  from  the  group  consisting  of  hydrogen 
and  metal  ions,  y  is  the  number  of  X  ions  and  is  a  posi¬ 
tive  whole  number  greater  than  0  and  smaller  Uan  3 
(i.e.,  1  or  2),  z  is  equal  to 

y  times  the  valence  of  the  X  ions 


and  p  is  the  numbe*  of  molecules  of  water  of  hydration 
and  is  a  cardinal  Dumber  from  0  to  3,  inclusive. 

.2.  Salts  of  the  formula: 

55  X3(B10HI0)-(H3O)p 

where  X  is  a  Group  I-A  metal  and  p  is  a  positive  whole 
number  less  than  4. 

3.  The  acid  having  the  formula: 

60  H3++B10H10— (H30)o 

where  n  is  a  positive  whole  number  grealer  than  1  and 
less  than  4. 

4.  The  compound  having  the  formula: 

65  Na3(Bi0H10)-(H3O)p 

where  p  is  a  whole  number  from  0  through  3. 

5.  The  compound  having  the  formula: 

CssfBioH^)  •  (H30)p 

where  p  is  a  whole  number  from  0  through  3. 

6-  The  compound  having  the  formula: 

Ba(B10H10)-(H3O)p 

75  where  p  is  a  whole  number  from  0  through  3. 
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7.  The  compound  having  the  formula: 

Ag1(B1(>H1o)-(HJC»p 

where  p  is  a  whole  number  from  0  through  3. 

8.  The  compound  having  the  formula: 

Zn(B10H10)(H,O)p 

where  p  is  a  whole  number  from  0  through  3. 

9.  In  a  method  for  preparing  the  acid 

Hj44B1()Hi0  (KjO)„ 

where  n  is  a  positive  whole  number  greater  than  1  and 
levs  than  4,  the  step  of  contacting  an  aqueous  solution  of 
in  amine  vait  haung  the  formula: 

(R,NH),B,oHio  15 

where  R  is  selected  from  the  group  consisting  of  hydrogen 
and  alkyl  radicals  having  less  than  19  carbon  atoms  each 
with  a  strongly  acidic  cation  exchange  resin. 

10.  The  process  of  claim  9  wherein  the  amine  salt  is  go 

l  (CHjJiCMIilaBipHio. 

11.  The  process  of  claim  9  wherein  the  amine  salt  is 

(NH.JjB.pll.g. 

12.  In  a  method  for  preparing  a  metal  salt  of  the 

Biollio —  anion,  the  step  of  neutralizing  an  aqueous  solu-  g5 
tion  of  the  acid  —  with  an  aqueous  dispersion 

of  an  inorganic  base  containing  a  metal  cation. 

13.  In  a  method  for  preparing  a  metal  salt  of  the 
B|i>Hio —  anion,  the  step  of  adding  to  a  first  solution  of  a 
voluble  salt  of  a  metal  with  an  anicn  other  than  BioHjo 
a  second  solution  containing  a  member  of  the  group  con- 


10 

sisting  of  the  acid  Hj  +  4B|0Hi0 —  and  salts  thereof  with 
metals  other  than  thost  in  the  first  solution,  the  solvent 
system  for  the  reactants  being  one  in  which  the  first  men¬ 
tioned  metal  salt  of  the  Bi0Hi0 —  anion  is  relatively  in¬ 
ti  soluble  and  in  which  the  other  reaction  products  are  rela¬ 
tively  soluble. 

14.  The  process  of  claim  13  wherein  that  metal  whose 
metal  salt  is  desired  is  a  Group  I-A  metal. 

15.  In  a  method  for  preparing  a  relatively  watcr-insolu- 
10  ble  metal  sal',  of  the  BioH10 —  anion,  the  step  of  adding 

to  an  aqueous  solution  of  a  relatively  water-soluble  salt 
of  such  metal  a  second  aqueous  solution  of  a  compound 
selected  from  the  group  consisting  of  the  acid 

b2++bioh10 - 

and  its  water-soluble  salts. 

16.  In  a  method  for  preparing  a  metal  salt  of  the 
BioHio —  anion,  the  step  of  reacting  a  decabory]  bis- 
(alkyl  sulfide)  with  a  base. 

17.  In  a  method  for  preparing  a  metal  salt  of  the 
BioHjo —  anion,  the  steps  of  reacting  a  decaboryl  bis- 
(alkyl  sulfide)  with  an  amine  to  form  an  amine  salt  of  the 
Bn>H10 —  anion,  and  then  reacting  said  amine  salt  with 
an  inorganic  base. 

18.  An  aqueous  solution  of  the  acid  having  the  formula 

H:++B:oH10 - 
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This  invention  is  diu‘eU‘,1  to  imne  . . .  '  . . . . 

and  methods  for  their  picpai.ilion.  M»ic  pailnolaily. 
it  is  directed  to  methods  lot  im'p.ninr  miiine  and  oif.ino 
substituted  hydrazine  salts  ol  a  hoi  on  hydiirle  anion  and 
to  certain  novel  and  hijrldv  ii'elnl  s  ilts  picpated  by  lhe*.e 
methods. 

A  number  of  aminos  ate  knotui  to  form  arldiicts  with 
decahorane  witlumt  los-  ol  lis  »li  s»t*ei,  lo  loini  I  m(o  h  i 
complexes  that  iliYoni|Ose  in  contact  ss ith  "tiler.  Certain 
cyclic  amines,  c  it.,  pnidinr.  aie  tilso  known  t o  react  witlt 
dccabotan.’  to  louu  ‘  and  H|;illii  adJucts;  however, 
the  It,.  Hi;  adducts  aic  solnl'le  only  to  a  limited  extent 
in  wnlci  and  arc  non-ionic. 

Tlte  pte'sem  invention  provides  a  novel  class  of  tonic 
salts  of  the  ll,„ll„,  anion  which  are  highly  water- 
soluble.  The  novel  salts  of  this  invention  arc  amine  and 
prgnno-Mibsiiiutod  hydrazine  salts  of  the  B,oH|0  anion 
having  the  general  formula 
(H 

—  13  toll  10 


ru>  11  , 

I 

nnh 

n] 

/'i  \ 

r1  / 

_n>  (in. 

UU/1J2 

wherein  a  and  6  are  integers  whose  sum  is  equal  to  I, 
i.e.,  a  and  b  are  zero  or  1 ;  K"4s  a  monovalent  hydrocarbon 
such  as  an  alkyl,  alkenyl,  cycloalkyl,  cycloalkenyl,  aryl, 
alkaryl  or  aralkyl  group;  R3  is  hydrogen  or  a  group  as 
defined  for  R2.  In  a  preferred  group  of  compounds  the 
substituents  R2  and  R3  have  at  most  1 2  carbons. 

The  novel  compounds  arc  further  characterized  as 
selected  from  the  group  consisting  of 


BicIIio 


rR’ 

ru*  RH 

\ 

\n  1 

MIi 

D(oIIio  and 

N— N 

/ 

Lr1  J 

1 

R’- 

(2a)  (2&)  45 

where  R2  and  R3  have  the  meanings  defined  earlier  and 
wherein  the  groups  bonded  to  BiqI  lu,~  are  derived  ft  cm 
primary  amines,  secondary  amines  and  organo-substituted 
hydrazines  which  can  form  sails  with  hydrochloric  acid. 

The  compounds  of  the  invention  can  be  prepared  by  a 
single  step  process  or  by  a  multiple  step  ptocess,  as  illus¬ 
trated  in  the  following  schematic  diagram. 

2n')3-BltII,i  step  1 


wheic  R  is  an  alkyl,  alkenyl,  cycloalky!  or  cycloalkcnvl 
n  i>.  an  inti  per  of  tit  most  2,  i  e..  u  can  he  0.  1  or  2. 
'Illy  U  rumps,  piclci  ably,  have  at  most  12  carbons. 

Sup  ],  in  iln:  above  pi  of  ss  outline,  permit,  the  prep- 
,  aialiou  ill  sal's  1,0,1,  primary,  secondary  and  tertiary 
'  aliphatic  or  t  y.  loaliplialic  amines.  Step  3  in  the  process 
pei 1 1 1 1 1  tin  imp:, ration  of  •alts,  not  only  from  aliphatic 
and  l  ycloalipliutic  amines,  hut  also  from  aryl  substituted 
uni nies  and  Imui  substituted  hydrazines.  Thus,  salts  which 
pi  fall  within  the  scope  of  the  invention,  if  not  obtainable 
din-  tly  by  step  I.  can  be  obtained  by  employing  steps  I, 

2  and  3  shown. 

'I  he  method  of  Step  I  relates  to  the  reaction  of  one 
mole  of  a  decaboryl  bisforganic  sulfide)  having  the 
la  formula 

(5)  B10H13-2(R')2S 

where  R'  is  a  monovalent  hydrocarbon  radical,  preferably 
ol  at  most  8  carbons,  with  at  leasl  two  moles  (based  on 
20  available  amine  groups)  of  an  amine  compound  of  the 
formula  R3_nNHn  where  R  and  n  have  the  meanings  pre¬ 
viously  defined  (3). 

The  salts  derived  from  primary  and  secondary  amines 
are  obtained  in  substantially  higher  yields  and  they  are 
23  substantially  more  soluble  in  water  than  the  salts  derived 
from  tertiary  amines.  Because  of  the  advantage  of  high 
yield  and  high  water-solubility,  these  salts  form  a  pre¬ 
ferred  group  of  novel  compounds  which  are  part  of  this 
invention.  This  preferred  group  of  salts  arc  represented 
30  by  the  formula  , 

(6)  (R.|_xNHx)2Bi0H|0 

wherein  R  has  the  meaning  defined  previously  (3),  and 
.v  has  a  value  of  2  or  3.  In  an  especially  preferred  group 
33  of  amine  salts  of  the  above  formula,  each  R  represents 
an  alkyl  group  of  less  than  7  carbons. 

As  stated  earlier,  a  broad  range  of  amine  salts  and  of 
organo-substituted  hydrazine  salts  of  the  B,oHio  anion 
of  this  invention  can  be  prepared  by  neutralization  of  the 
40  acid  H2+'BioH,o — •  (H=0)m,  where  m  is  2  or  3,  with 
an  appropriate  nitrogen  base.  Thus,  for  preparation  of 
substituted  hydrazine  salts  the  acid  is  neutralized  in  aque¬ 
ous  solution  with  an  organo-substituted  hydrazine  of  the 
formula 
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(Ip-uNll  rit;),  H  :cll  10 


ion  exchange 
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HithoUu,  (ItiO), 
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hyilra/.ine 
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Step  2 
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Step  3 
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It'  II 
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The  group  R,  nNH,Hi  in  the  above  formula  represents 
the  ealion  derived  ftoni  an  amine  of  the  formula 
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(8)  R^  /R] 

N-N 

It'  R' 

wherein  R2  and  R3  have  the  meanings  given  earlier  (26). 
The  substituted  hydrazine  salt  that  forms  remains  in 
solution  in  the  reaction  mixture  and  can  be  isolated  by 
conventional  methods. 

The  organo-substituted  hydrazine  salts  have  the  for¬ 
mula  given  earlier  (see  26)  and  these  salts  also  form  a 
part  of  this  invention. 

The  salts  obtained  by  the  processes  of  this  invention, 
including  bolh  the  amine  and  organo-substituted  hydra¬ 
zine  salts,  are  stable,  non-hygroscopic,  crystalline  white 
solids  which  are  very  soluble  in  water.  The  salts  do  not 
reduce  silver  nitrate  in  aqueous  solution,  a  behavior 
which  is  a  sharp  contrast  with  the  reducing  action  of 
other  boron  hydride  compounds.  Their  aqueous  solu¬ 
tions  are  very  stable  and  they  exhibit  high  electrical  con¬ 
ductivity.  This  high  conductivity  demonstrates  the  high 
degree  of  ionic  character  of  the  novel  compounds. 

The  process  of  step  1  of  this  invention  is  carried  out 
simply  hy  contacting  at  least  two  moles  of  an  amine  of 
the  types  described  previously  with  one  mole  of  a  deca- 
horyl  bisforganic  sulfide)  of  the  formula  BioHi2*2R  3S, 
wherein  R'  has-  the  meaning  defined  above.  Preferably, 


amine  is  employed  wdicivl  >  I  lie  excess  amine  aels  as 
reaction  medium.  The  excess  amine  can  readily  l'c 
recovered  at  the  conviction  til  live  reaction.  I  lie  it*. it- 
tion  teinpcralnre  is  not  critical  temperatmes  i.mping 
from  as  low  as  —50°  C.  up  to  100  or  more  1'cinp.  (i 
operable,  the  e.xael  temperature  being  dependent  on  the 
particular  amine  being  employed.  When  amines  having 
:i  boiling  points  of  less  than  115  C.  arc  employed,  it  is 
very  convenient  to  carry  out  the  reaction  at  the  tempera¬ 
ture  at  whifch  the  amine  reactant  refluxes.  It  is  preferred  lc 
that  a  reaction  temperature  below  that  at  which  the  dcca- 
boryl  bisforgar.ic  sulflue)  decomposes  be  employed.  For 
Bi0H,v2(C1I3)2S,  Ibis  temperature  is  approximately 

1 15°  C.  .  , 

The  reaction  between  tbc  amine  and  the  decabory!  1, 
bis-sulfldc  takes  place  quite  rapidly,  the  exact  time  of 
reaction  being  dependent  on  the  particular  reactants  and 
reaction  temperature  being  employed.  Reaction  times 
ranging  from  a  few  minutes,  c.g.,  2-10  minutes,  at  the 
higher°tcnircrature  in  the  above-mentioned  range  and  2 
from  10  minutes  to  5  hours  at  the  lower  temperatures 
are  sufficient. 

The  pressure  under  which  the  reaction  is  carried  out 
is  not  critical.  Atmospheric  pressure  is  very  convenient, 
but  subatmoiphcric  or  superatmosphcric  pressure  can  be  2 
used  if  desired. 

It  is  not  necessary  to  use  an  added  solvent  or  reaction 
medium  in  the  process  of  this  invention.  The  reaction 
takes  place  readily  with  the  stoichiometric  amount  of 
amine  and  dceaboryl  bis-sulfidc  reactant,  although  the  £ 
use  of  an  excess  of  the  amine  is  preferred.  However,  if 
it  is  desired,  an  inert  reaction  medium  can  be  used.  Ex¬ 
amples  of  suitable  inert  reaction  media  include  hydro- 
cat  bons,  e.g.,  benzene,  and  ethers,  e.g.,  tetrahydrofuran. 

The  amine  salts  of  the  B|0H10—  anion  are  readily  f 
isolated  from  the  reaction  mixture  by  conventional  meth¬ 
ods.  The  solid  salt  that  is  farmed  can  he  removed  front 
the  reaction  mixture  either  by  filtration  or  by  evaporation 
of  the  solvent.  The  crude  salt  can  be  purified  by  extrac¬ 
tion  with  water  followed  by  evaporation  of  the  solvent.  ‘ 
In  some  cases  it  is  convenient  to  simply  remove  the  ex¬ 
cess  amine  from  the  reaction  medium  by  evaporation  or 
distillation  leaving  the  boron  hydride  amine  salt  as  a 
residue. 

It  was  stated  earlier  that  the  nitrogen  bases  employed 
in  the  process  had  in  common  the  capacity  of  forming 
salts  with  hydrogen  chloride.  This  common  property 
can  be  determined  readily  by  dissolving  the  base  in  a 
suitable  solvent,  c.g.,  diethyl  ether,  and  lyibbling  HC1 
gas  through  the  solution.  The  fo  m:\t.oi  of  a  white 
precipitate  or  an  oil  shows  that  the  base  forms  a  salt 
with  HC1. 

The  dceaboryl  bis  (organic  sulfide)  used  as  one  of  the 
reactants  in  the  process  for  the  preparation  of  the  amine 
salts  can  be  prepared  by  the  reaction  of  one  mole  of 
decaborane  with  two  rno'cs  of  an  organic  sulfide  of  the 
formula  R'2S,  wherein  R'  is  monovalent  hydrocarbyl, 
i.e.,  alkyl,  aryl,  cycloalkyl,  alkenyl  and  cyeloalkcnyl 
(with  the  proviso  that  not  more  than  one  R'  is  aryl), 
at  a  temperature  between  0°  and  100°  C.  until  approxi¬ 
mately  one  mole  of  hydrogen  is  evolved.  This  process 
is  described  in  greater  detail  in  U.S.  application  Serial 
No.  750,862,  filed  July  25,  1958,  by  E.  L.  Mueitertics. 
In  the  ;  hove  definition  of  R',  the  monovalent  hydrocarbyl 
group  preferably  is  selected  from  the  group  consisting  of 
alkyl  raJicals  containing  less  than  6  carbon  atoms  each, 
and  cycloalkyl  radicals  containing  from  4  to  6  carbon 
atoms  each.  The  most  preferred  IV  for  use  in  this  proc¬ 
ess  is  methyl.  The  amines  used  in  this  process  can  be 
any  of  the  commercially  available  amiaes  of  the  formulas 
given  hereinbefore  or  they  can  be  made  by  known  meth¬ 
ods. 

The  acid  H2++B10H,0— .(H,0)m  used  in  the  process 
for  the  preparation  of  the  substituted  hydrazine  salts 
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boion  hyiliidc  salt  obtained  in  step  1  of  the  process  as 
outlined  with  a  strongly  acidic  ion  exchange  resin.  The 
picfci  icd  amine  salts  for  this  procedure  have  the  general 
loi  inula 

(U)  ( K1  ;N  1 1  )211|1|I  1  If) 

wIicic-R*  is  h^dioven  or  an  alkyl  radical.  Preferably,  a 
.sulfonic  acid  type  ion  cxchaivc  resin  is  employed,  for 
example,  the  types  known  commercially  as  Ambcrhle 
1R  - 1 20-11  and  "Dowcx’*  resins. 

Id  The  process  and  products  of  this  invention  are  illus¬ 
trated  in  further  detail  by  the  following  examples. 

EXAMPLE  I 


Preparation  of  f  (CH3)3CNH3]2Bi0Hio 
1  Five  grams  of  dceaboryl  bis(dimcthyl  sulfide)  of  the 
fo. ntula  B,clli2-2(CH3)2S  (2.5  millimoles)  and  50  ml. 
of  tert.-butylamine  are  mixed  and  heated  at  reflux  tem¬ 
perature  (approximately  45°  C.)  for  1.5  hours.  The 
solid  reaction  product  that  is  formed  is  removed  by 
^  filtration  and  dried  under  vacuum  (0.1  mm.  of  mercury). 
There  is  obtained  4.6  g.  (83.5%  of  theory)  of  the  boron 
hydride  amine  salt,  [(CH3)3CNH3]2Bi0H|o,  in  almost 
pure  form.  _  _ 

Amilvsis. — Cak'd  for  B;  oCT  L  4N2 1  B,  40.6%,  C, 

J  36  06%;  H,  12.86%;  N.  10.51%.  Found:  B,  39.73%; 

C,  36.56%;  H,  12.72%;  N,  10.47%.  A  small  amount 
of  water-insoluble  material  is  present  in  this  product. 
This  can  easily  be  removed  by  extracting  the 

0  [(CH3)3CNH3)2B|0Hio 

with  water.  The  aqueous  solutions  of  this  boron  hy¬ 
dride  salt  have  approximately  the  same  equivalent  con¬ 
ductance  as  equimolar  solutions  of  ammonium  jhloride. 

5  EXAMPLE  II 

Preparation  of  [(C2H6)2NH2)2B|0H1o 

Four  grams  (1.6  millimoles)  of  decaboryl  bis(dimethyl 
sulfide),  B|0H12' 2(CH3)2S.  and  50  ml.  of  dicthylamine 
0  arc  mixed  in  a  reaction  vessel  fitted  with  a  reflux  condenser 
and  the  mixture  is  heated  to  reflux  temperature  (55°  C.) 
for  a  period  of  1  hour.  The  reaction  mixture  is  filtered 
and  there  is  obtained  4.0  g.  of  a  white  solid.  Extraction 
of  this  solid  with  water  followed  by  evaporation  of  the 
extracts  gives  a  white  crystalline  solid,  decomposition 
‘3  point  233-234°  C.,  which  is  [(C2Hj)2NH2]2B|0H|o. 
Aqueous  solutions  of  this  salt  are  highly  conducting. 

Analysis. — Cak'd  for  B|oC0H.14N2:  B,  40.70%;  C, 
35.7%;  H,  12.8%;  N,  10.5%,  Found:  B,  40.27%;  C, 
36^8%;  H,  13.1%;  N,  10.5%. 

*0  Aqueous  extraction  of  the  white  solid  formed  as  the 
reaction  product  of  this  example  leaves  a  residue  of  1.3  g. 
of  a  white,  water-insoluble  solid.  This  is  a  non-ionic 
isomer  of  the  water-soluble  ionic  salt  described  above. 

Analysis. — Cak’d  for  B ; oCrfl I34N 2 :  B,  40.70%;  C, 
53  35.70%;  H,  12.80%;  N,  10.50%.  Found:  B,  40.12%;  C, 
32.11%;  H,  11.85%;  N,  10.48%. 

The  ionic  isoiner  of  Example  II  docs  not  reduce  silver 
nitrate  in  aqueous  solution  but  the  silver  salt  is  formed 
instead.  To  illustrate,  an  aqueous  solution  of 

[(C2H5)2NII2]2BioHio 

is  treated  with  dilute  nitric  acid  until  the  solution  is 
slightly  aeid.  An  aqueous  solution  of  silver  nitrate  (ca. 
10%  concentration)  is  added  dropwisc  and  with  stirring 
03  to  the  acidified  solution  until  a  large  quantity  of  white 
precipitate  forms.  The  reaction  mixture  is  heated  to  boil¬ 
ing  for  a  short  period  and  no  change  in  the  color  of  the 
precipitate  occurs,  i.e.,  no  reduction  of  the  silver  salt 
to  free  silver  is  noted. 
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EXAMPLE  III 

Preparation  of  [(C2H5)3NH]2B|oHio 

Decaboryl  bis(dimcthyl  sulfide),  BioH17-2(CH3)2S, 
7.-,  (0.72  g  )  and  excess  tricthylaniinc  (40  ml.)  are  mixed 


3. 140.  n;a 


in  a  reaciion  vessel  fitted  with  a  reflux  condenser  and 
heated  to  reflux  temperature  t,°0:  C.)  for  Id  minutes. 

On  filtration  of  the  reaction  mixture,  there  is  obtained 
0.72  g.  of  a  solid  from  winch  an  ionic  compound  can 
be  extracted  with  either  water  or  tcn.uncltnlene  suU'one.  p, 
A  white,  solid,  insoluble  residue  remains  after  the  water 
extraction.  Evaporation  of  the  aqueous  extracts  leaves 
an  ionic  solid.  The  infrared  absorption  spectrum  of 
this  ionic  solid  is  consistent  with  the  formula 

UOiHsIjNHlrBifHu  10 

its  identity  as  a  salt  of  the  boron  hydride  anion  B10Hla 
is  further  demonstrated  by  its  conversion  to 

[  tCHj'jSl 

by  reaction  with  aqueous  trimethvlsultonium  iodide. 

The  ionic  salt  [<C:H5)}NH)sBi<iHti>  has  a  decomposition 
point  of  227-228°  C.  Aqueous  solutions  of  this  salt  have 
approximately  the  same  equivalent  conductance  as  equi¬ 
molar  solutions  of  ammonium  chloride  oq 

The  solid  residue  remaining  from  the  extraction  of  the 
crude  solid  reaction  product  has  the  formula 

B10H1J'2(C:Hj)3N 

and  is  an  isomer  of  the  ionic  salt  [(C2H5)3NH]:Bi0Hio. 

Analysis. — Cak’d  for  B10ClaHi:lN2:  B,  33.60%;  N, 
8.68%.  Found:  B,  33.63%;  N,  8.45%. 

EXAMPLE  IV 

Decaboryl  bisfdimethyl  sulfide)  (12.8  g.)  and  excess 
isopropylamine  (100  ml.)  are  mixed  in  a  reaction  vessel  JU 
fitted  with  a  reflux  condenser.  Spontaneous  refluxing 
occurs  and  the  solid  dissolves.  The  mixture  is  heated  at 
reflux  for  an  additional  2  hours.  The  reaction  mixture 
is  filtered  and  the  filtrate  is  evaporated  under  slightly 
reduced  pressure.  The  residue  is  dissolved  in  water,  the  J5 
solution  filtered  and  the  water  evaporated.  The  residue 
of  (i-C3H1NH3)28ioH10  is  dried  for  4  hours  at  25°-  C. 
under  a  pressure  of  approximately  1  mm.  Hg. 

Analysis. — Calc’d  for  BiqQHjoNj:  B,  45.50%.  Found: 

B,  44.09%. 

In  addition  to  the  particular  salts  illustrated  in  Ex¬ 
amples  I-IV,  the  products  of  this  invention  also  include 
other  salts  of  Formula  (2a)  supra.  These  salts  are  pre- 
parable  by  the  procedure  of  Example  I  by  reacting  one 
mole  of  the  decaboryl  bis(organic  sulfide)  compound  with  4- 
two  moles  of  the  amine; 

taulf  l 


Exampto 

No. 


Reactants 


V . 

VI.... 

VII. .. 

VIII. 

IX.... 

CIIjNHi. 


R.on13.2(C3n4)jS. 


(n-CjII  ?)aNlI 


Dioltij  l'l  II jC 


cnj-cih 

/  \ 


\ 


Cllj-Clli 


(OHiKn-C.HONII . 

(nC„II„)NIIi . 

(CII,)(n-C;II,i)N'II . 


n,«n,i  2(rn, )is . 

ItinIIiji2(n-(',IIi7)li - 

BioIltl-2(CIIz — OIlJjS. 


f  > 

zine<  used  in  step  '  .<(  the  in.,, .  , ,  ,  >m  l ...  „nv  i.f  it.- 
nieici.illv  ,i\ In.fiursu.  •>  .•!  it. to  i;  ...  1 1 . - 
nude  hv  known  mriliud. 

I  SAM  ft  t  X 

An  aqueous  solntiou  containing  u  ‘4  litu.i.n,  tt  ., 
is  passed  through  a  column  e.mi  imin.,  » 1  ..<•■  t. 

icsin.  ".VmbetTile"  I K  lid  11  I  fie  cui,.s,.i 

wliieh  eontains  the  acid  1 1 '  '  lll,,ll,,i  ,  Is  n<  ni> «n '/ 
adding.  1.2-dimethylhvdrazine  tt  ll,NltNlli  ll, i  unci 
the  pit  of  the  solution  is  7.  The  solvent  is  rtupi.ioU.l  ■ 
leave  a  slightly  wet  solid  which  is  washed  will,  a  small 
amount  of  vvater  and  dried  on  a  porous  plate.  I  fir  a.di.| 
is  shown  by  infrared  analysis  to  he  the  1.2  dnuclfivlfi / 
drazinimunt  salt  of  the  BlaHio  anion,  I  lie  compiaind 
has  the  formula  [(CH3)NH  — (CH3)Nlljl  4tuillm  I  fir 
presence  of  the  fi;cHia=  anion  is  continued  by  eniivo 
sion  of  the  hydrazinium  salt  to  the  tciramethylauiiimmmu 
salt  by  reaction  with  tetramelhv  lammonium  chloride. 

Other  organo-suhstituied  hydrazine  salts  of  the  I ( ,«.■  I ■<> 
anion  are  obtained  by  employing  the  process  described  in 
Example  X.  To  illustrate,  when  phony lhydra/ine  or  1.1 
dimethvlhulrazine  are  substituted  for  the  1.2-diuietliyt 
hydrazine  the  stilts  obtained  have  the  formulas 

(C„H  NHNH(),nulH,0aiKl  HCH.():NNH.i12U10Uiu 
Other  salts  which  can  be  obtained  in  a  similar  maimer 
from  methylhydrazinc,  ethylhydrazine,  and  1,1-dieihyl- 
hydrazine'  are 

(CHjNH — NH3)3Bi0Hio,  (C2H5NH — NH3)3BiUHiij 

and  1(0 2Vf  3)  2N- — NH3]aBiaHio.  respectively. 

Diamines  can  be  employed  in  the  process  in  place  of 
monoamines.  To  illustrate,  decaboryl  bisfdimethylsul- 
fide)  can  be  reacted  vvilh  ethylenediamine,  1.3  propylene- 
diamine,  1,6-he.xamethylenediamine  or  1,4-diaminocyclo- 
hexane  to  obtain  the  corresponding  boron  hydride-di¬ 
amine  salts. 

The  decaboryl  bis(dimcthyl  sulfide)  used  in  Examples 
I-IV  and  VII  can  be  replaced  by  any  other  decaboryl 
bis(organic  sulfides)  of  the  formula  BioH]2-2R'S.  where 
R'  has  the  significance  defined  previously.  Thus,  deriv¬ 
atives  of  decaboranc  with  the  following  specific  organic 
sulfides  can  be  used  in  the  process  of  this  invention: 
di-n-propyl,  di-n-butyl,  methyl  p-tolyl,  dicyclohexyl,  diey- 
clohexenyl,  dioctyl,  diallyl,  divinyl,  allvl  benzyl,  and  tetra- 
methykne  sulfides.  While  any  of  these  decaboryl  bis(or- 


Products 


(CFIaNUj)  jRioTIio 


Kn-CjIlThNIIahIJioIIio 


(cir3)(n-c,n9)Nn2i;B,onlo 

(CLhHn-C7llis)Nn2]inioIIici 


The  preparation  of  free  acids  containing  the 
B10H10=  anion  (step  2)  is  accomplished  by  treatment  of 
the  amine  salt  with  an  acidic  ion  exchange  resin,  e.g., 
“Amberlitc”  1R-120-H.  The  aqueous  solution  of  the 
amine  salt  is  conveniently  passed  through  a  cylindrical  05 
reaction  tube  packed  with  the  ion  exchange  resin.  Any 
operating  temperature  between  the  freezing  point  and 
boiling  point  of  water  can  be  used.  The  boron-contain¬ 
ing  acid  is  soluble  in  water  and  can  be  isolated  front  the 
clear,  colorless,  aqueous  diluent  by  evaporation  of  the  7tl 
water  at  moderately  elevated  temperatures,  e.g.,  30-40° 

C  ,  preferably  under  reduced  pressures,  e  g.,  0.1-5  mm.  of 
mercury.  This  process  i»*  described  in  picatci  detail  in 
Its;  n.iU-ni  nnnfirnlion  Serial  No.  6.K55.  filed  lehiuary 


ganic  sulfides)  are  operable,  it  is  preferable  from  a  practi¬ 
cal  standpoint  to  use  the  decaboranc  derivatives  of  res.  ;> 
available  low  molecular  weight  sulfides,  cspecr..  v  d  - 
methyl  sulfide  and  diethyl  sulfide,  since  it  is  the  cke-n- 
boranc  moiety  of  the  derivative  that  fotms  part  ot  the 
salts  of  the  present  invention.  The  organic  sm  fide 
moiety  is  a  by-product  of  the  reaction  which  can  be 
recovered  if  desired  for  reuse. 

The  prodncls  of  this  invention  111c  useful  for  a  variety 
of  purposes.  For  example,  aqueous  solutions  ot  the 
amine  and  substituted  hydrazine  salts  of  the  anion 
|),0Hin —  arc  useful  ns  cleUiolvIcs.  These  electrolytes 
rue  useful  in  many  electrical  applications  including  elec¬ 
trical  switches,  vvlieie  good  eleciiicat  contact  is  desired. 
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invention  are  inflammable  in  contact  with  excess  concen¬ 
trated  nitric  acid.  This  particular  property  makes  the 
products  of  this  invention  useful  as  components  of  rocket 
fuels. 

The  foregoing  detailed  description  has  been  given  for 
clearness  of  understanding  only  and  no  unnecessary  limi¬ 
tations  are  to  be  understood  therefrom.  The  invention 
is  not  limited  to  the  exact  details  shown  and  described, 
for  obvious  modifications  will  occur  to  those  skilled  in 
the  art. 

The  embodiments  of  the  invention  in  which  an  exclu¬ 
sive  property  or  privilege  is  claimed  arc  defined  as 
follows: 

1.  A  compound  having  the  formula  selected  from  the 
group  consisting  of 


rR*  1 

rR»  RH 

\ 

vr  1 

NHi 

D10TI10  and 

N-N 

/ 

/  1 

|_R»  J 

2 

Lrj  r»J 

B10II10 


C 

8.  in  a  process  for  preparing  a  compound  selected  from 
the  class  consisting  of 


ru’  1 

rit*  if  kh 

\ 

\l  1 

Mli 

11 1 u  1 1  to  utnl 

N  N 

/ 

/  1 

Lit*  J 

Lit*  u»J 

wherein  It2  is  monovalent  hydrocaibon;  and  R3  is  selected 
from  the  group  consisting  of  hydrogen  and  monovalent 
hydrocarbon;  the  group  bonded  to  B10H10  being  derived 
10  from  the  class  consisting  of  primary  amines,  secondary 
amines  and  organo-substituted  hydrazines  which  can  form 
salts  with  hydrogen  chloride,  the  step  of  contacting  an 
aqueous  solution  of  the  acid 

jj.  HjBroHio 

with  a  nitrogen  base  selected  from  the  class  consisting  of 

It*  It*  R* 

\  \  / 

Nil  and  N-N 
/  /  \ 

20  R*  R*  R* 


wherein  R2  is  monovalent  hydrocarbon;  and  R3  is  selected 
from  the  group  consisting  of  hydrogen  and  monovalent 
hydrocarbon;  the  group  bonded  to  RioHi0  being  derived 
from  the  class  consisting  of  primary  amines,  secondary 
amines  and  organo-substituted  hydrazines  which  can  form 
salts  with  hydrochloric  acid. 

2.  A  compound  having  the  formula 


wherein  R2  and  R3  are  defined  as  above. 

9.  In  a  process  for  making  a  compound  of  the  formula 

(R3 -nNHn+1)2B10Hi0 

25  wherein  R  is  selected  from  the  group  consisting  of  alkyl, 
alkenyl,  cycloalkyl  and  cycloalkenyl,  and  n  is  an  integer 
of  at  most  2,  the  step  of  reacting  one  mole  of  a  compound 
having  the  formula 


H.oll.o  30 


wherein  R2  is  monovalent  hydrocarbon;  and  R3  is  selected 
from  the  group  consisting  of  hydrogen  and  monovalent 
hydrocarbon;  and  wherein  the  group  bonded  to  B|0H|o  35 
is  derived  from  the  class  consisting  of  primary  amines 
and  secondary  amines  which  can  form  salts  with  hydro- 


N 

LR^ 


NIIj 


B10H12-2(R')2S 

wherein  R'  is  a  monovalent  hydrocarbon  radical  pro¬ 
vided  that  not  more  than  one  R'  is  aryl  with  at  least  two 
moles,  based  on  available  amine  groups,  of  an  amine 
having  the  formula 

Rs-nNHn 

wherein  R  and  n  have  their  above-defined  meanings. 

10.  In  a  process  for  making  a  compound  of  the  formula 


chloric  acid. 

3.  A  compound  having  the  formula 


-R*  R* 

\H  I 
N-N  , 

.V.'  '  A*J: 


Diolln 


(R3_nNHn+i)2Bl0H|0 

40  wherein  R  is  selected  from  the  group  consisting  of  alkyl, 
alkenyl,  cycloalkyl  and  cycloalkenyl,  and  n  is  an  integer 
of  at  most  2,  the  step  of  reacting  one  mole  of  a  compound 
having  the  formula 

B10HI2-2(R’)2S 


wherein  R3  is  monovalent  hydrocarbon;  and  R3  is  selected 
front  the  group  consisting  of  hydrogen  and  monovalent 
hydrocarbon;  and  wherein  the  group  bonded  to  Bi0Hi0 
is  derived  from  organo-substituted  hydrazines  which  can 
form  salts  with  hydrochloric  acid. 

4.  [(CH2)3CNHj]2B,oH,o. 

5.  [(C2H5)2NH2]2BI0HI0. 

6.  (i-C3H7NH3)2B|oHi0. 

7.  [(CH3)NH— (CH3)NH2]2B10H10. 


45  wherein  R'  is  a  monovalent  hydrocarbon  radical  pro¬ 
vided  that  not  more  than  one  R'  is  aryl  with  an  excess  of 
an  amine  having  the  formula 

Rt-nNHn 

60  wherein  R  and  n  have  their  above-defined  meanings  jvhile 
maintaining  temperatures  between  —50“  and  115°  C. 
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r.,ib  invention  relates  lo  a  novel  boron-containing  acij 
;‘iii I  lii  iiH'ilh'.tt  for  it s  picp.i  ration. 

Coinpoiiads  i.f  hen >ii  ,  ml  hy.IiOf.cn  v.hosc  properties 
.  re  .I.  v  riknl  in  the  Idcrir.iic  arc  limited  to  pioduct.v  hav- 
‘I'1:,1'1  *  1'iiioii  ;  toms.  '1  iie  known  covak.it  hy- 

'n' RJf9,  and 
‘•'•T:'  'fives  of  hir-'hydridc  anions  include 

•.is  III  I '.  ■•".!  I ; '  * .  !■•;..  ;t|3  1  and  Ujct  i'i2- 2.  Fiec 

!  "  1  vc  •  l'n  ns  ,,re  unknown;  in  fact,  ncidTtva- 
l.'on  of  O-.S  roi.dions  of  salts  of  the  above  anions 
KMih-,  in  rapid  d.'.i'ir,,  . aider  of  the  boron  compounds 
!"  ''  -si.’'.  w«-en  wl-s, ,:f  !,yJ.„boa.Us 

....  ki.n  .n  v.,  ich  :l,.ro  ::rc  13  a,r  more  boron  atoms 
;.;,d  ',ie  m..;..r  i..tio  of  hot  on  to  !,•  i’io.  cn  in  the  anion  is  i. 

'"I*  “u-‘!;’!*'n  i>  d'lecicd  to  a  h.ghly  unusual  and  very 
t.sefrl  dd  .iMC  acid  of  a  hydioboivte  which  acid  consists 
ot  two  i"'t,/.'!lc  .'i  -bo  u.s  ait, I  a  divalent  anion  cons:'t- 
in.-  ot  12  boions  t.  J  12  !i\dm0.ns.  |?v  ioni-able  hydro- 
;  '••us,  ,ic  mean  hv.!i. yarns  which  lorn,  fit-  ions  in  aqueous 
lolulion  a:.d  winch  ran  bo  ficutialirc  J  with  an  inorganic 
aeneous  base,  c  it'Jiuin  hydroxide. 

•■hue  s,  .ci  'c..i.  •,  this  new  acid  is  a  white  crystalline 
h\:  losa.p.e,  I.iiu. volatile,  .-'.'lid  compound  of  boron  and 
nk  iowi  h.i\ each  .»  boron  atoms  one  acidic 
'1 ,0  “  ;-;cr'  I'tid  six  nor-nchiie  uon-ionizubie 

hid. o.-en  atom-,  sn,li  compound  being  characterised  by 
luivmg  mu. ned  ad  .or  p;  ion  bands  at  4.0,i±9.!0  and 
•J.3Vi.0.'0.  pl'a  cf  about  2  at  25°  C.  It  is  a  solid 
at  timveiatmes  below  about  30°  C. 

i  he  acid  cf  tci.  invent!, <n  is  believed  lo  be  represented 
•  >'  hie  following  empirical  formula: 


10 


15 


20 


30 


b.erefore,  the  acid  and  its  hydrates  arc  repre- 
-.niLd  by  the  empirical  formula 

(2)  h2bi:h12-„hso 

where  *  a  cardinal  whole  number  cf  at  most  4,  i.c„ 
....  ^,or.  4-  Two  meles  of  water  of  hydration 

h-Vr?-  4  ,n  bl  associa,c‘1  'viih  She  protonic  (acidic) 
rV  /'fV  i  ^  n',e  ^ i'dra ted  acid  can.  optionaiiy,  be  rep- 
resented  oy  the  following  empirical  formula: 

(’")  (HjO)2B,2H,2-/„Hso 

y/here  n  is  a  cardinal  number  of  at  most  2,  i.e.,  n-  is  0 
1,  or  1.  ’  ’ 

1  cc  novel  nci-.j  is  soluble  in  other  oxygenated  solvents, 
f,0-  c.f?'  'Usc.iiols,  esters,  and  the  like.  Solutions  of 
, ,n  l!’“'se  solvenl<  v-an,  if  desired,  be  facilitated 
o..  atiJmg  iMvry  minor  quantity  of  water. 

.’he  i‘ m. el  avid  a.td  its  hydrat.s,  are  white  cresi.iiiine 
,  w men  snow  characteristic  and  iJen.ifying  alwrp- 

935., +o'lVn  lhC  ,r,frarjJ  s‘,cc,rum  r,t  •J-Vi'iO.IO  and 

lb;  .uo.ig  pendency  of  tl’o  acid  to  form  hydrate:  makes 
j  ti!,:icii.,  ,,t.  times  to  ticic.  in'r.e  the  c.vd  ir.c.iar  ratio  of 
,,  r°.n ,  0  in  His  anion  solely  on  lire  birds  of  cle- 

lcmn!  arr.ljscs.  Kowvver,  si’ch  analyses,  considered  in 

iri'.-'in'1V;.n  w,!.n  li'°  c-'‘‘!n:ctl-t mine,  but  heretofore  un- 
• ‘htwred  absotpi.on  rpectrum  permits  po.hive 

o. ;,.'!, cation  of  the  product.  Confitmation  of  die 

to. inula  is  also  obtained  by  conversion  of  the 
to. voted  aciu  to  a  solvate-free  salt,  c.r...  a  siibs.ituted  phos- 

p. omun  sad,  shoving  the  some  characteristic  infrared 

fice'^-id  '1  L"!,ld3  at  anci  9.3:'/.. ±0.10  as  -die 

dhc  novel  acid,  particularly  the  dedeeal.yd.-oJodrca- 
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(1) 

The  ae.V  will  be  termed  herein  dilivd-ogcn  dodccahy- 
<!roi  odeen borate  (2  -).  It  is  noted  that  no  official  system 
or  no i, •.i.i ;  of  boron  compounds  has  been  adopted  at  the 
Pr lune.  The  nomenclature  used  herein  follows  the 
propota.s  made  by  a  ;;ro.:»  of  the  Committee  on  Nomen- 
clalce  of  the  American  Chemical  Society  Div-'.ion  of 
Organic  Clici.iivlry.  T:,v;  prop.-„ils  are  discussed  in  (1) 
a^p.ipir  pr.s.nted  by  O.  .V.  Schaeffer  at  the  American 
Chemical  Society  .Meeting,  San  l-rancisco,  California, 
April  13-13  (i‘J5S),  (2)  a  paper  presented  by  K..  L. 
Luc  King  tu  ll  c  D. vision  of  Chemical  Literature,  American 
Clieinic:.!  Society  V eetmg,  Chicago,  Illinois,  September 
7-i2  (ML'S),  ai  d  (M  a  publication  by  Patterson,  Chemi¬ 
cal  Cnehicering  New--  3  1  5G0  (1956). 

I  he  new  compound  is  a  strong  acid  which  can  be  ncu- 
trali.ied  with  strong  inorganic  bases  and  it  shows  an 
eqiiival  ncc  poi-:!  at  a  pH  cf  7.  In  aqueous  solution 
at  25°  C.  the  acid  m.j  a  pKa  value  of  about  2.0  as  noted 
above.  One  ot  both  or  i!  e  acidic  hydrogens  can  be  re¬ 
placed  lo  fe.m  monobasic  or  neutral  salts. 

The  acid  is  readily  soluble  in  water  and  it  is,  in  fad, 
rather  hygroscopic,  in  view  of  this  property,  it  T  c.n- 
veni'.ntly  isolated  as  a  hydrate  in  which  the  turn  er  (if 
moles  of  water  ct  hydration  (or  crystallization;  is  deter- 
mined  to  sonic  extent  by  the  intensity  and  duration  of 

the  di  .'in*  of  the  arid  In  pWtll  l4  -  nj, 

of  moles  of  water  of  crystallization  does  net  occcd  4. 
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3a  v-o, a ,c  union,  shows  unusual  stability  far  a  hydrobo-ate. 

Jo  i dust, .be.  an  aqueous  solution  cf  acid  cot.ta, nine 
c  i))tirog.-n  ehljituc  has  been  refittxev  for  1  hour  with 
”J."kl*f.01  hjdrolysis  of  the  Cod,  rah;  Jrodcdecaborate 
anion.  This  remarkable  stability  :  f  the  dodecahydrodo- 
u-va.  oia.e  anion  is  m  striking  « i  uxisi  to  the  'ovv  sta- 
"  ^  o.-'.e.s,  cp„  te.i.ihyd-obornte 

(,2H>  ),  cetahydrol.-iborats  ,l3,Ha-).  md  he  like,  which 
ciecmnrore  rapidly  even  at  25“  C.  whe,  .oil, lions  of  their 
sans  are  ncidihcJ. 

The  novel  acid  is  ol'.Tned  by  contacting  a  solution  of 
salt  containing  a  dodecrdiydrodolecac  mate  .,-ron  with  a 
-  tong  no, .  The  reaction  is  a  metathesis  in  which  an  e.x- 
cltimge  of  cations  occ.-rs,  S.rottg  acid  reactants  which 
a  c  usco  s  iouid,  prefenbly,  tavc  a  gKa  valve  which  is 

t  C  r,°n  nt  cast’  •''Ppr'-'Jimakiy  equal  to,  the  pKa 
value  fcr  I  Lb, elf, 2.  Strong  ir  ,rg.  nh  or  mineral  acids 
c..n  be  conveniently  employed,  c.g..  '  ;\iroch!oric  acid,  sul¬ 
furic  ac.d,  phosphoric  acid,  and  ‘lie  like.  Strong  organic 
acids  can  also  be  employed,  e.g.,  pcb.h.ilogenated  acetic 
acids  or  substituted  aromatic  suifoi  ic  acids.  In  general 
the  acid  reactant  should  have  a  pKa  value  less  than  that 
of  t!ic  dihydrorten  dcdccnhydrododecaborate  (2~). 

The  reaction  is  most  conveniently  conducted  in  aqueous 
solution.  However,  solvents  other  than  water  can  be  em- 
poyed,  if  desired.  Examples  of  nonuqueous  solvents  in¬ 
clude  a  eoliols  such  as  methanol,  ethanol,  or  cyclohcxa- 
nol,  cs.crs  such  as  methyl  acetate,  butyl  propionate,  or 
ethyl  bu  y  rate;  ethers  such  as  glyme,  cr  dioxnne;  nit  -lcs 
suih  as  acetonit.de  or  tcnzonitnlc;  carboxylic  acids  s-tcb 
us  acetic  acid  or  propionic  acid;  and  the  iike.  The  so':.- 
tio.n  of  t!;c  acid,  as  obtained  in  the  reaction,  can  be  em¬ 
ployed  directly  tor  many  usr-s  without  separation  of  by¬ 
product  salts. 

A  subsi  r.i  ,17 v  s  iTi-frce  yi.e.,  pure)  solution  of  the  acid 
is  ootamed  by  maintaining  an  aqueous  solution  of  a  do- 
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dccnhy uri.dod.'c.ibor.ila  (1  )  '■.'.It  in  contact  vvilh  an 
.'iculie  ii'1'  c- ch.uv-.'  ic-in  for  a  lime  sufficient  to  exchange 
t • ! ( f  the  '.iii  fa  :hc  ne.Tli:  hydrogen  of  the  ion- 
cxch.iii-e  iciin.  1  h  hit. on,  r:f:cr  contact  with  the 

io:i  exch. re., a,  can  l  e  evaporated  hy  conventional  g 
prn.i'd'.ii L-,  to  i-'  ‘.a  a  .  v  t.e'.l.  i. encraJly  as  a  hydrate. 

It;'  iiii.-nv.e  :e  I  h'.i.vd  drying  under  reduced  prer- 
Mite,  a  mi,  .am  .  d>  ir  d:..te  lreo  product  can  oc  obtained. 

! !  o  ion  rxj  ..m  _•  :  ■'  r.s  employed  in  tile  process  are, 
rrcfeird'iy.  of  t'  e  ‘.u.Tviic  acid  variety,  which  are  avail-  io 
■>hic  commaci.iliy.  c.p.  “Ambcrlito"  !R-i2Q-fi,  acid 
fot m  r.nd  'Tto'.vcx  ’  50. 

li  e  ...:.|  o.  ted  fteni  its  solvent  carrier  and  other 
‘ii  "tol'ej  * i‘s  tVir.ed  ir,  metathc-is  by  the  weliknovvn, 
com  caliceal  >.;•  r  .tlun  proacdiircs.  ]g 

I  !'c  device  dp.drcde  ii  .. 'ouridc  salt  employed  in  the 
process  is  re;  ic  entcd  1 '.lie  formula 

wl'.eie  M  is  a  c  tier  l..r  my  i. valence  of  1  through  4  and  20 
I'-  •'  ••  lues  of  ti  .  ra  /■  ;  dctei  mined  hy  the  valence  cf 

M.  i  1 1  nt.it  ri.  1  i  v  va'cuce  of  M  is  equal  to  2!>. 

I ;  r  i  i.ss.fci*.iliitt5>j  r.iftt.ti  sliov*  u  t)y  i!,c 

fol'o.'.in;;  equation: 


which  is  employed  ns  a  reactant  and  (2)  the  preparation 
of  the  acid  H2B12H12. 

Example  A 


o'  of  M 


ih.e  vV.ics  of  ..  rr.,1  ■>  aie  the  iniullcsl  minitcrs  which 
‘V  'iv  ih-‘  ■.'uv'.'on  r.itd  Ific'e  \ r.lues  lie  between  1  and  4 
n.e  aikr.h  ;  ict.,1  and  t.ikrdinc  earth  metal  salts  are  gg 
ii-.o-i  •;o"'.v  :;:-.:ly  u-:d  in  ll.e  process  ar.d  they  are  a 
1 1 o r - r  t.l  pirtip.  '1 '.us,  in  h'ormola  (3),  M  is  preferably 
a  .<!►.:.! i  or  lire  ■  -•  r t li  metal,  <i  has  a  value  of  I  or  2, 

..a  1  !<  ha;  a  v.l:  e  of  I.  In  an  especially  preferred  group, 

41  is  .’.r,  alkali  net.il  r.r.  1  a,  tlicrcfore.  is  2  r.nd  b  is  1,  i.e.,  «g 
loimoia  (li  1  .c'T.cs  5.1,  !t,;l  fl2.  The  ammonium  salt 
ei.n  also  i  ed.  V.  'ice,  m  is  an  alkali  mct.il,  an  alkaline 
c.nih  mel.. I  .r.r  mcri'i.n  ioti.  c  will  he  a  positive  whole 
number  b.;..c.n  d  .  •  I  i  o  .  1  or  2. 


r  A  prcssuic  vessel  of  nGO  ml.  cap, icily  is  charged  with 

9.5  g.  of  sodium  hyriroborale  and  75  ml.  of  glyme. 
rhe  \csr-ol  ,s  closed,  cooled  to  — SO’  C.  and  evacu- 
uwd  to  a  ptessuu  uf  .’ii.'jul  o.Oul  mm.  of  mercury.  L)i- 
boranc  (14.0  g.)  is  charged  into  the  vessel  which  is 
then  se.iied  and  heated  with  agitation  under  auto“cnous 
pressure  for  10  hours  at  120°  C.  The  molar  ra°tio  of 

10  15 -.Hu  in  tlus  reaction  is  1:2.  The  reactor 
is  cooled,  the  volatile  products  are  released  by  venting  and 
the  contents  of  the  tube  arc  washed  in*o  a  receiver  with 
glyme.  A  suspension  of  a  white  solid  in  a  yellow  liquid 
is  formed  from  which  the  solid  is  separated  by  filtra¬ 
tion.  The  solid  is  dissolved  in  hot  tetrahydrofuran  and 
tlie  solution  is  tillered  to  remote  a  trace  of  unrcactcd 
sodium  hydroborate.  The  hot  filtrate  is  diluted  with 
10  C;y|:ie  ar'-l  chilled  to  yield  14.0  g.  of  a  disodium  polyhy- 
i.ropolyborale  (2  -)  as  Jong,  glistening  white  needles 
This  compear.:!  is  known  to  he  disedium  dcdecahy- 
tl  }.  lit  vu.iTpuuiiJ  ciysiaTfizes  wun 
1 ,2-oinn  iI;o\ycl!ir.ne  nnJ  water.  The  compound  has  the 
r  following  infrared  ahtorplion  frequencies:  2.Sp,  sharp, 
medium:^  3.9.*  with  4.02*  shoulder,  sharp,  strong;  6.2] 

7.5  and  b.4/i,  sharp,  medium;  9.3/<,  medium  sharp,  strong; 
lO.C.i,  sharp,  strong;  and  I3.9«.  broad  weak 

W/m/w,T.  Card  for  Na2t3,2Hw  Xi?C,H1,/5j-.K  H.O: 

0  C,  la. 37,  H,  7.5.4;  fl,  46.67;  Na,  16.49.  Found:  C,  15  52 
JI,  8.43;  B,  47.12;  Na  15.3. 

The  compound  can  be  obtained  as  its  hydrate  free  of 
ether  solvation  by  rccryMrdlizaiion  from  a  large  quan¬ 
tify  cf  diethyl  Ciher  or  teirnhydrofuran/diethyl  ether 
-  mixtures,  lhe  ether-free  liydrate  has  infrared  absorp- 
t.on  characteristics  as  follows:  2.8*,  siiarp,  medium; 
3.9;.,  sharp,  strong;  6.2/y,  sharp,  medium;  9.25/r,  sharp, 
medium;  and  13.9;i,  broad,  medium. 

Anolym.~Calc-d  for  Na2UI2H12-H20:  H,  6.85;  B, 


■M  .i'  ■  — v,.uc  a  lor  tNa2uI2ti|2-H20:  H,  6.85-  B 

In.;:. •  lodee.iborate  sails,  employed  as  rc-  40  63.45;  Na,  22.32.  Found:  H,  6.56;  B.'  62.02;'  Na,  20.5! 
c.i  v.  Tdenily  p  ".'pared  by  the  meihod  illus-  The  elemental  analyses  may  be  interpreicd  as  showing 
ii.pies  A,  11,  and  C.  Brief;.',  the  meihod  con-  lhe  sodium  salt  to  contain  the  dodccahydrcdodccnborate 
im;  d:l .  rone  (!:2!15)  with  an  alkali  or  alka-  anion.  As  is  shown  in  Example  D  below,  the  sodium  salt 

1  f; drobo."  do  under  supcraimospheric  of  Example  A  is  converted  to  a  diphosphoniunt  salt  whose 

!-•  •  3  ,;!'itc-pi:crcs).  Any  alkali  metal  or  ,15  infrared  absorption  spectrum  shows  the  same  characler- 
h  n  ri ,!  Ir  droSjr.ite  can  be  used  but  sodium  islic  absorption  I  ends  at  4.(V±o.l  and  9  35/2  *-0  i  as  the 

;n  I  ;..hob  'r.Vcs  (N..1SH,  and  KBH4)  are  the  disedium  sail  of  Example  A.  The  elemental’ analysis  of 

available  >a'.!s  and  they,  therefore,  are  most  *he  diphosnhor.ium  salt  shows  that  the  anion  ii  B!-H  -2. 

-c.l  i.i  :!ie  prcpataticn  of  the  doclecahydro-  F .  ,  ,  ‘  n 

'aits.  Ti.e  salts  can  be  used  ns  obtained  gg  xampie  U 

i.d  puiil'cation  steps.  A  pressure  ve.s.'l  of  SO  ml.  capacity  is  charged  with 

I'luii'V-  O'  tae  salts  arc  preferably  used  for  8.  of  sodium  hydroborate,  2.S  g.  of  diborane  and  10 

ith  the  icn-c  (change  resin.  Any  convenient  m'-  °f  plyn-  :  The  mixture  is  heated  with  agitation  under 

relation  can  be  employed,  a.g.,  mechanical  autogenous  pressure  at  100”  C.  for  10  hours  The  reac- 

e  ion- exchange  resin  with  the  aqueous  olu-  gg  tion  vcsscl  is  cooled  and  it  is  ver.icd  to  remove  volatile 
by  fll: radon  to  ;:pavate  the  resin  cr  by  pass-  products.  It  is  noted  that  these  products  contain  about 

ous  '-olu'.ion  through  a  column  of  the  ion-  0-18^  «>o!c  of  free  hydrogen  and  no  diborane.  The  resi- 

in.  The  rate  of  reaction  is  rapid  and  time  ci*JC  10  lhe  reaction  vessel  consists  of  a  while  solid  si  s- 

d  factor  in  the  process.  pended  in  a  yellow  liquid.  The  solid  is  separated  by 

us  solution,  obtained  <,ftcr  contact  with  the  co  filtration  anil  washed  with  glyme.  After  drying,  the  solid 
resin,  contains  the  acid,  H2B,3H12,  and  the  weighs  3.2  g.  and  it  is  found  by  elemental  analysis  to  be 

nporated  by  any  cnventioiial  means  to  ob-  Folyhydropaiyborate  containing  some  unchanged  hydnw 

acid.  The  solution  can  be  evaporated,  for  borate. 

■vanning  under  reduced  pressure,  by  flowing  Analysis* — Calc’d  for 


and  poi:,'>iu:n  I  v.hob  'r.Vcs  (N..BH,  and  KBH4)  are  the 
mo  i  rc.indy  available  .'alts  and  tbey,  therefore,  are  most 
commonly  t:2cj  i.i  '.lie  prepat alien -of  the  dodecahydro- 
dodecaborale  'aits.  Ti.e  salts  can  be  used  ns  obtained  gg 
vvi  Tout  special  p’lit'eation  steps. 

Aqueous  M>If|!"ns  O'  tnc  salts  arc  preferably  used  for 
eontaclmg  with  the  icn-cxclvmge  resin.  Any  convenient 
method  of  cper.dion  can  be  employed,  e.g.,  mechanical 
mixing  of  the  ion-exchange  resin  with  the  aqueous  olu-  gg 
tion  followed  by  Tv.vion  to  ;;parate  the  resin  cr  by  pass¬ 
ing  the  aqueous  'olu'.ion  through  a  column  of  the  ion- 
cxchangc  resin.  The  rate  of  reaction  is  rapid  and  time 
is  not  a  critical  factor  in  the  process. 

The  aqueous  solution,  obtained  <,ftcr  contact  with  the  gg 
ior.-oxchangc  resin,  contains  the  acid,  H2Bj3HI2,  and  the 
solution  is  evaporated  by  any  r.-nventionnl  means  to  ob¬ 
tain  .lie  solid  acid.  The  solution  can  be  evaporated,  for 
example,  by  warming  under  reduced  pressure,  by  flowing 
in  thin  layers  over  healed  surfaces,  by  fleshing  into  a  C5 
chamber  under  reduced  pressure  and  by  other  well-known 
procedures. 

The  product  is  -table  in  storage  and  it  can  be  kept  in  con¬ 
ventional  stoppered  glass  containers  or  in  containers  of 
oilier  corrosion-resistant  materials.  -.q 

This  application  is  a  continuation-in-part  of  our  co-  ‘ 
pending  application  Serial  No.  15,042,  filed  March  15, 
1960,  anJ  now  abandoned. 

The  examples  which  follow  illustrate  (1)  the  prepara- 

■  1  TTTdtfll  JoJccti’fiyJ'rOiSoirctaboraic  )  /5 


05  Nn23l3H,2-0.36NaBH4-  1.16CJTU03- llf20 

S’  R'‘,0;  B’  4,-27lNa>  16.74.  Found:  C,  17.07, 

H,  8.36;  B,  40.66;  Na,  16.5. 

For  reasons  given  earlier  the  compound  is  known  to  be 

70  d'S0(ll1l;!,1  dodccahydrododecaboratc  (2~)  with  solvent  of 

crystallization. 

Example  C 


Using  the  procedure  of  Example  B,  a  mixture  of  2  8  g 
ol  potassum  hydroborate.  2.8  of  M  tl 
<5  of  glyme  is  heated  for  10  hours  at  120”  C.  under  autogc- 


3,100,014 


i.ui.s  iHL.vnilc.  A  iut.il  uf  0.231  i'l.oV  of  hyiliogtn  is 
formed.  The  yellow  solid  in  the  reaction  vessel  is  col¬ 
lected  on  a  filter  and  it  is  washed  with  glyme  until  it  is 
colorless.  The  solid  is  dried  under  very  low  pressure 
(less  than  1  mm.  of  mercury)  at  90°  C.  to  yield  3.93  g.  5 
or  a  Ji,  ,1  jjuTyhvd. ouulyl'Oi.ue  >,  1^2^12^*12* 

Any  alkali  metal  or  alkaline  earth  metal  hydroborate 
can  be  employed  in  the  method  illustrated  in  Examples 
A,  13,  and  C,  c.g.,  hjdrobonitcs  of  Li,  Cs,  Ca,  Mg,  and  Da 
can  be  used.  The  alkali  metal  hydro'ooratcs,  especially  jo 
LiBHi,  NaUHi,  and  KBl-i'.,,  are  mast  readily  available 
and  they  arc,  therefore,  preferred. 


di udoilecator.aie  containing  waver  and  gijmc  as  solvent 
of  crystallization,  is  passed  through  a  column  (-10"  x  1") 
packed  with  an  acidic  ion  exchange  resin  (“Amberlite” 
1 11-1 20-H ).  The  acidic  eluent  is  evaporated  under  re¬ 
duced  pressure  to  yield  dihydrogen  dodecnhydrododec- 
ucoraic  re  )  in  me  torn  or  a  hydrate  as  a  white,  crystal¬ 
line  solid. 

Any  alkali  metal  or  alkaline  earth  metal  dodccahydro- 
dodecaborate  can  be  used  :n  the  processes  illustrated  in 
Examples  1,  2,  and  3.  thus,  the  potassium  derivative  of 
Example  C  can  be  employed  or  the  corresponding  lithium, 
cesium,  calcium,  barium  and  macnesium  derivatives. 


Example  D 


A.  An  aqueous  solution  of  3.2  g.  of  Na23,2H,3  (with  j5 
water  and  glyme  of  crystallisation)  is  mixed  with  an 
aqueous  solution  of  12  g.  of  cesium  fluoride.  A  heavy 
white  precipitate  forms  wlucli  dissolves  on  warming  the 
reaction  mixture.  On  cooling,  fine  white  crystals  form 
which  are  separated  by  nitration  and  dried.  There  >s  20 
obtained  3.2  g.  cesium  do.lecahydrodoclecaborate  with 
solvent  (glyme)  ot  crystallization. 

!?.  A  solution  of  0.S9  g.  of  P,P,P,P',P',P'-(hcxamcthyl)- 
elhylenediphosphoniurn  bromide  in  5  ml.  .of  water  is 
added  with  stirring  to  a  solution  of  1.13  g.  of  the  cesium  25 
salt  of  Part  A  in  10!)  ml.  of  water.  A  voluminous  white 
precipitate  forms,  The  mixture  is  boiled  to  dissolve  most 
of  the  precipitate.  Cooling  of  the  hot  solution  results  in 
precipitation  of  a  white  soiid  which  is  separated  by  filtra¬ 
tion.  The  solid  is  recrystallized  from  1  liter  of  water  to  30 
form  soft  white  needles.  The  product  is  P,P,P,P',P'.P'- 
(hcxnirielhy))e!hylcncd:phespho  tiuni  ibdecahydrododec- 
aboraic,  i.c.,  [(ClliLPClhClLPfCIljhlB,;;!!,,.  The 
identity  of  tile  compound  is  confirmed  by  the  infrared 
spectrum  and  by  elemental  analysis.  The  product,  as  ob-  35 
tained.  is  free  of  water  of  hydration. 

Analysis. — C.ale’d  for  C8H3IBrP2:  C,  29.83;  IT,  10.64; 

B,  40.29;  P,  19.24.  Found:  C.  29.89;  H,  10.94;  B,  39.S6; 

P,  19.31. 

Example  1  40 

An  aqueous  solution  containing  0.43  g.  of 
Na2BI2Hls-H20 

is  passed  through  a  0.5"  diameter  chromatography  column 
containing  £0  ml.  ol  nu  acid  ion  exchange  resin  known  45 
commercially  as  “Ambeilite"  113-120-11.  The  strongly 
acid  effluent  from  the  column  is  evaporated  to  remove 
all  materials  volatile  at  less  than  0.001  mm.  a:  45°  C. 
There  remains  U.3S  g.  of  a  very  white,  crystalline,  very 
hygroscopic  solid  which  is  dihydrogen  dodecahydrcdo-  50 
decaborale  (2-).  The  acid  lias  a  j.Ka  value  at  25"  C. 
of  about  2.0  and  it  titrates  as  a  very  strong  acid,  having 
an  equivalence  point  at  a  pH  of  7.  The  infrared  ab¬ 
sorption  spectrum  i.f  ti  c  acid,  which,  free  of  solvent  of 
crystallizatic n,  lias  the  formula  H2B12I]12,  shows  strong  53 
and  characterizing  abrorption  in  the  infrared  spectrum 
at  3.98/a  and  9.3//. 


Example  2 


The  process  of  Example  1  is  repeated,  employing  an  GO 
aqueous  solution  of  5.7  g.  of  Nn2B12H12-H20.  The  solu¬ 
tion  is  passed  through  a  48"  by  1"  (l.D.)  ion  exchange 
col. min  packed  with  an  ion  exchange  resin  ("Amber- 
h’te"  IR-'20-H).  The  acidic  eluent  from  the  column  is 
evaporated  under  reduced  pressure  in  a  rotating  evapora-  CP 
tor.  The  white  crystalline  acidic  product  which  remains 
is  dried  at  40°  C.  at  0.05  mm.  picssure  for  1  hour.  The 
product  so  obtained  is  dihydrogen  dodecahydrododec- 
aborate  with  4  nicies  of  water  of  hydration,  i.c., 
H2B,2H,,-4H20  or  (H50)2n:2H,2-2H20.  70 

Ana  lys's. — Ca  Ic’d  for  BpII^O*:  13,60.1';  H,  10  "'1 
Found:  13,  60.73;  H,  10.40. 


Example  3 


An  aqueous  solution  of  6.10  g.  of  disodium  dodecahy-  75 


cesium,  calcium,  barium  and  magnesium  derivatives. 
Tbe  sodium  and  potassium  dodecahydrododecaborates 
arc  generally  uted  because  they  are  readily  available. 

Examples  1.  2.  and  3  are  illustrative  of  the  broad  proc¬ 
ess  cf  metathesis  employed  in  preparing  the  acid.  Modi¬ 
fications  of  die  procedure  can  be  employed.  To  illus¬ 
trate,  a  methanol  solution  cf  dlscdium  dedecahydrododec- 
aburt.ie  (2~)  is  treated  with  hydrogen  chloride  or  with 
sulfur, :  acid  in  methane*!  solution.  The  by-product  salts, 
sodium  chloride  or  sodium  sulfate,  have  low  solubility  in 
tin's  sober.:  and  they  are  separated  by  filtration  to  obtain 
a  nethr.not  solution  cf  dihydrogen  dodecabydrododcc- 
nbora'.e  (2-).  Similarly,  an  aqueous  solution  or  bari¬ 
um  dcdecahydrododecurorate  (2~)  can  he  reacted  with 
an  aqueous  solution  of  sulfuric  acid.  Barium  sulfate, 
which  precipitates,  car.  be  separated  by  filtration  and  the 
aqueous  filtrate  cun  be  ivnpor.red  to  yield  the  free  acid, 
H;;li!2H,2,  its  hydrate.  In  like  manner,  dinmmonium 
(lode<::hydrc.dodec:ieor:.:e  (2~3  in  aqueous  solution  can 
be  reacted  with  dilute  hycroeh'oric  acid.  The  solvent  can 
be  removed  by  evaporation  er.d  the  solid  residua  can 
bo  healed  under  rcdr.ce J  pressure  to  sublime  the  am¬ 
monium  ch'oridc.  The  r.on-vol.v.ile  HsEISHla  is  obtained 
ns  the  tesi'Jue. 

_  The  novel  acid,  with  or  w id-cut  solvent  of  crystalliza¬ 
tion,  is  useful  r-.s  n  sequestering  agent  for  metals,  especial¬ 
ly  heavy  metals.  1 0  illustrate,  r.  mixture  of  hydrocarbons 
in  the  boiling  range  of  gasoline,  which  contains  in  solution 
n  copper  salt  of  an  organic  acid  (copper  stearate),  is 
thoroughly  agitated  with  aqueous  ammoniacnl  solu¬ 
tion  of  H2!?.2H,2.  The  hydro: .rbon  layer,  which  is  sep¬ 
arated  from  the  aqueous  reagent,  is  completely  free  of 
the  deleterious  copper  salt. 

Tbe  new  compound  is  useful  as  sequestering  aeents  for 
metals  in  aqueous  media.  Thus,  copper,  nickel,  cobalt, 
zme  and  cadmium  are  removed  from  aqueous  solutions 
of  sa'ts  containing  these  metals  by  mixing  the  sclul'cns 
with  an  ammoniacnl  solution  of  the  acid. 

The  novel  add  is  useful  as  an  intermediate  in  the 
preparation  of  valuable  compounds.  The  acid  is  sclf- 
0at.1lyr.mg  .n  a  F.  iodd-Crafts  type  reaction  wherein  the 
Bi2H|2  r.r.ion  is  alkylate J.  To  illustrate,  the  acid  or  its 
hydrate  can  be  reacted  in  aqueous,  alcohol  or  ethereal 
solutions  with  olefins  to  obtain  polyhydrododecaborates 
having  hydrocarbon  substituents.  Thus,  a  mixture  of 
(H20)21312I!i2,  water,  propyl  alcohol  nr.d  propylene  can 
be  reacted^  under  autogenous  pressure  in  a  closed  vessel 
at  about  75-100°  C.  to  obtain  compounds  having  iso¬ 
propyl  groups  as  substituents,  e.g., 

(H3O)2B-H10[CH(CH3)j]s. 

Other  substituents  which  can  be  introduced  on  the  r.nion 
by  reaction  of  the  add  with  the  appropriate  olefin  are 
butyl,  cyclohexyl,  and  the  like. 

Tito  add  is  useful  in  industrial  applications,  especially 
in  those  situations  where  one  desires  to  avoid  contamina¬ 
tion  from  sulfate,  chloride,  bromide,  chlorate,  phosphate 
and  like  strong  aciJ  anions.  Thus,  the  add  is  useful 
for  etching  metals,  such  as  steel  and  for  rust  removal,  for 
pickling,  for  scale  removal  and  for  similar  metal  process¬ 
ing  operations. 

The  Stt«!fMeif  Jurvratfves,  ,'n  ff/6  foun  of  sails,  arc 
useful  as  surface  active  agents,  particularly  as  wetting 
agents.  To  illustrate,  a  glass  surface,  coated  with  a  film 
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of  a  silicone,  is  not  wetted  when  brought  into  contact 
with  ’"Mcr.  't  he  utldftfoi.  of  a  smalt  quantity  of  Jicesium 
cyclohcxylundccahydrodoueeabornle  to  the  water  resulis 
in  immediate  wetting  of  the  glass  surface,  i.c.,  the  treated 
water  spreads  readily  over  the  surface  of  the  glass.  The 
dicesium  cyelohcxylundecahydrododecaborate  is  obtained 
by  reaction  of  the  acid,  H2Bi2H12,  with  cyclohexcns,  with 
subsequent  reaction  with  cesium  hydroxide. 

The  foregoing  detailed  description  has  been  given  for 
clearness  of  understanding  only  and  no  unnecessary 
limitations  are  to  be  understood  therefrom.  The  inven¬ 
tion  is  net  limited  to  the  exact  details  shown  and  described, 
for  obvious  modifications  will  occur  to  those  skilled  in  the 
art. 

The  embodiments  of  the  invention  in  which  an  ex¬ 
clusive  property  or  privilege  is  claimed  are  defined  as 
follows: 

1.  Compounds  having  the  formula 

HjB12K12-«H20 

where  n  is  a  cardinal  whole  number  of  less  than  5. 

2.  The  acid 

H2Bi2Hi2 

3.  An  aqueous  solution  of  H2B12II^. 

4.  A  composition  selected  from  the  class  consisting  of 

1  ■-  i-llj..,  hydrates  tael tdf,  ."tad  cg-js  thereof. 


5.  in  a  process  for  making  dihydrogen  dodccahvdro- 

dodeeaborate  (2-),  tne  step  comprising  reacting  in  solu¬ 
tion  a  salt  containing  the  dodccahydrododecaborate  anion 
B, 4-1,2  ,  said  salt  being  selected  from  the  class  con- 

5  sisting  of  ammonium  salts,  alkali  metal  salts  and  alkaline 
earth  metal  salts  with  an  acid  having  a  pKa  value  less 
than  that  of  the  dihydrogen  dodccahydrododecaborate 
(2“)  and  isolating  the  resulting  acid. 

6.  In  a  process  for  making  a  substantially  pure  aqueous 
10  solution  of  the  acid  of  claim  3,  the  step  of  contacting  with 

an  acidic  ion-exchange  resin  a  salt  represented  by  the 
formula 

M„(B12HI2)b 

13  where  M  is  a  cation  selected  from  the  group  consisting 
of  aiiiali  metals,  alkaline  earth  metals  and  ammonium  and 
a  and  b  are  determined  by  the  valence  of  M  and  arc 
integers  greater  than  0  and  less  than  3  for  a  time  sufficient 
2Q  to  exchange  the  cation  of  such  salt  ror  the  acidic  hydrogen 
of  the  ion  exchange  resin. 
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A  further  group  of  particularly  useful  products  are 
dodecahydrododecaborates  in  which  the  cations  arc 
derived,  d'rtwiw  or  irdiruclly,  from  nitrogen  bases,  e.g.. 


5  (NH4)2B,2H12>  fNH2— (RNH,);3;;HU 

Wt,N-U  ,:n,2 

(RICH — ■NH3)2BI,H,o,  (R2N— NHj)2B12H,2 

10  and 

(aryl-N=N)2Bi;H12 


ammonium  (Nlf,-),  by  drnzon  um  ( N H2 — N hV  ) >  N- 
sub.iitnted  ammonium,  N-subst'.utcd  hydrazonium,  'ub- 
stit!(*--J  I'liorphuiiium,  aryIJiazcrium  (aryl-N=N+),  and 
tin  Me. 

Mct.il  cation-;  in  t''e  compounds  of  Formula  1  can  be 
derived  g.r.er.lly  tre  m  any  metal.  The  metals  accord¬ 
ing  to  t!  •:  Periodic  fable  in  Deming’s  “'General  Chcm- 
i  try,”  5.h  cd  ,  chap.  II,  John  Wiley  &  Sons,  Inc.,  and 
in  1  .much  "1!  tmibo',';  of  Chemistry,”  9th  ed.,  pp.  56-57, 
Hanjbeijf.  Pul  In  her,.  Ir.c.  (1'956),  are  the  elements  of 
Groups  I,  II,  Vlll,  11-11,  1V-B,  V-B,  VI-B,  Vll-B  and  the 
elements  of  Groups  1 II— A,  IV-  A.,  V-A,  and  VI-A  v.hich 
have  atomic  numbers  above  5,  14,  33  and  52,  respective¬ 
ly.  These  metals  include  noth  light  and  heavy  metals. 
The  light  metals  arc  also  known  as  the  alkali  metals  and 
the  alkaline  eaith  metals.  The  heavy  metals  include 


Itir.g  metals  as  described  in 


the  above-mentioned  Periodic  Table  in  Lange's  "Hand¬ 
book  of  Chemistry.”  Metals  having  a  wide  range  of 
atomic  weights,  o.g.,  from  6.9  for  lithium  to  209  for 
bismuth  or  even  higher,  are  operable  as  cations  in  the 
compounds  of  Formula  1. 

Preferred  metal  cations  are  derived  from  the  elements 
of  Groups  I-A,  II— A,  I-B  and  II— B  having  an  atomic 
number  up  to  and  including  80,  inclusive.  These  com¬ 
pounds  arc  dodceuhydrododecaborates  having  as  cations 
li,  Na,  K,  Rb,  Cs,  Be,  Mg,  Ca,  Sr,  Ba,  Cu,  Ag,  Zn,  Cd,- 
and  Hg. 

Most  preferred  metals  for  use  in  the  compounds  of  this 
invention  are  the  light  metals  (the  alkali  and  alkaline  earth 
metals  of  Grouos  I-A  and  II— A)  having  an  atomic  num¬ 
ber  less  than  87,  i.e.,  lithium,  sodium,  potassium,  rubidi¬ 
um,  cesium,  beryllium,  magnesium,  calcium,  strontium, 
-En,  (  nrium. 

The  lithium,  silver,  and  mercury  dodecahydrododeca- 
borates  form  an  especially  preferred  group  of  salts. 


In  the  preceding  formulas  for  compounds  derived  from 
nitrogen  bases,  R  represents  an  organic  group  bonded 
to  nitrogen.  The  R  groups  are  not  critical  features  of 
these  cation  groups;  thus,  R  can  be  an  open-chaiccd, 
iclosed-chr.Ji’.ed,  saturated  or  unsaturated  hydrocarbon  or 
substituted  hydrocarbon  group,  or  R  can  be  a  hetero¬ 
cyclic  ring  of  which  the  nitiogen  atom  is  a  component 
part,  such  as  pyridine,  quinoline,  morpholine,  hexar.'.cih- 
yleneiniir.e,  and  the  like.  Preferably,  R,  for  reasons  of 
availability  of  reactants,  contains  net  more  then  IS  car¬ 
bon  atoms.  R  can  be,  for  example,  methyl,  2-eihylbexyl, 
octndccy),  ally!,  cyclohexyl,  cyclohexenyl,  phenyl,  nurh- 
thy!,  anthrvl,  cyclohexvlphcnyl,  dtpkenyiyl,  benzyl,  chio- 
roclhvl,  w-cyanoarnyi,  beta-hydroxyethyi.  p-hydroxy  phen¬ 
yl,  and  the  like.  The  aryl  group  in  the  aryldiazonium 
cation  preferably  contains  at  most  IS  carbons,  e.g.,  a  ter- 
phcnyldiazcnium  group. 

Examples  of  N-subslitutcd  hydrazonium  radicals  in¬ 
clude  those  wherein  R  has  the  same  significance  as  in¬ 
dicated  in  the  preceding  paragraph.  To  illustrate,  the 
hyiriazoniutn  cation  can  be  derived  from  phenylbydnzine, 
me'l./i  hydrazine,  1,1-dimethyihydrr.zine,  1,2-dimethyl- 
hydrazinc,  ethylhydrczme,  1,1-diethyihydrazine,  and  simi¬ 
lar  compounds.  Examples  of  aryidiazonium  radicals  in¬ 
clude  phtnyldiazonium,  tolyldiazonium,  p-cthoxyphenyl- 
diazonium,  and  the  like. 

Thus,  the  atomic  weights  of  nitrogen  bases  from  which 
cations  are  derived  can  range  from  a  low  value  of  about 
17  for  ammonia  (NHS)  to  a  value  as  high  as  about  S00 
or  even  h  gr  er  for  lor.g  chain  substituted'  nitrogen  bases, 
e.g.,  friocudec/lamine. 

The  nitrogen  bases  can  be  polybnsic,  i.e.,  the  bases  can 
form  caiio-is  having  valences  of  2,  3,  and  higher.  To 
illustrate,  .  Vybcsie.  nitrogen  compounds  which  can  be 
employed  r.  funu  «"a!ts  include  diamine  (for  example, 
hexamelhy  ^■nedi_i.ii.ie,  p-pbenyler.e.l'amina  or  pipera¬ 
zine),  triamines  (for  example,  di-ihyieaetriamine),  tetra- 
mincs  (for  example,  triclhylenetetruminej,  and  the  like. 

The  valence  of  the  cation  M_v  :ll  be  between  1  and  4, 
i.e.,  M  can  have  a  valence  of  1,  2,  3  cm  4.  In  most  cases 
the  valence  of  M  will  be  1  or  2  and  this  group  of  com¬ 
pounds  in  wt  _h  the  valence  of  M  is  at  most  2  are  readilv 


'reparable  i  d  so  form  a  preferred  group  of  compounds 
in  this  invention. 


The  group  M  can  be  a  combination  of  cations  whose 
total  atomic  weight  is  at  least  5.  To  illustrate.  M  can 
be  two  monovalent  metals  or  a  monovalent  metal  and 
hydrogen,  e.g.,  (NaK)  (Bl:H12)  or  (ICH)  (BI3H12)  or, 
more  simply,  NaKB^Hr  and  1CH3.;H12.  As  a  further 
illustration,  M  can  be  a  complex  cation  such  as  ammino 
metal  groups,  e.g.,  (NH3)nY,  where  Y  is  cobalt,  nickel, 
copper,  zinc,  cadmium,  mercury  or  silver  and  n  is  a  posi¬ 
tive  number  of  at  most  6.  Comp-ounds  of  the  invention 
where  M  is  an  ammino  metal  group,  as  discussed  above, 
generally  have  low  solubility  in  water  and  they  are  of 
particular  interest  because  of  this  properly. 

The  valence  of  the  polyhydropolyfcomte  anion  in  For- 
rwti.l  W  1.  Uc  valuer  el  a  and  b,  therefore,  in  the 
generic  formula  are  determined  by  the  vrlence  of  M, 
i.e.,  a  multiplied  by  the  valence  of  M  is  equal  to  2b. 
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The  rck.tiond.ip  K-iwcen  a  and  b  is  further  shown  by 
:ke  following  equation: 

.  uXvalonce.  of  M 
6= - * - 

The  Dues  of  n  .--j  h  n:c  ihc  smallest  numbers  whieh 
•-r-ti-  fy  the  i  qiu.tim  ..:-j  ilie-e  \ nines  lie  between  1  and  3. 

i iymip'es  «:f  r.-v  compounds  cf  the  invention,  illus- 
lia'ed  I  y  frrir.u!..;,  are  :.s  follows:  Li-fj^Hn,  Na2312IIi2, 
K''i-  lip,  11-1  '1  '»5rd|~H|i,  CaBi-.H;-,  Srlj-H’e*  10 

Aril.  il;j.  Y.( i I ; - H : ~  Crs(«,sH,2)j,  Mn(B12H12), 

I'*,-  *t  I- •  ■  M •  -) ,  Ci\.i  it--  f  1 1- ) •»,  NiBi;H,i,  CoBipHu, 
Cult-I!-,"  I!  II--.  ZiBi'-H.-.,  CdBI2Hi:,  IIgBl;H13, 

,\|.  I  2.  i'bif:;!!;;,  Bi2(  B  ,;H  ,2)  ■„ 

(Nll,).T.;!l,...  UU:.),N!26i;iT,c  [ (CH3)3NHj:dI2H,;,  15 
•  C.dl jN M , ).2: ;l f i».  ( C6H „N H, ) 

!  i  1  i  •!  -  it —Hu,  (pyridinii:m)«Bj->H|«, 

f'Crt!'.  I’MI-Ys.-lfr,"  (Nlir— NH3,..«;d"lP,' 

!(Ci:,),\-Nil  vii.et,,,  [(CcH5)»N— Na2l.BISH12, 

|Cu(>.l!0.!3;‘.;i:,  [Zn(NH3)4]Bi5H«,  20 

•To: Nil-!. id-!!-.  tCd(NH-)4]B,,H». 

I:  .oT’.o’lriun);  t-H- and  (C,M;N,)j3!2H,2. 

In  ti.d,  ike  r.-o  m:n  pounds  are  usually  solid  prod¬ 
uct'  Much  are  •clt-l.'.e  in  character.  Many  of  the  com- 
rouu  la  di  'ohe  i:i  \  :.:;r  or  hy\  roxylnled  solvents.  The  25 
majority  oi  the  c a, r. pounds  ire  \  '.ite  crystalline  materials 
’..null  .-e  .c;rcr..i.y  st-.cle  at  normal  atmospheric  tem- 
pcatjres  and  pr  enures.  The  compounds,  as  obtained, 
ncy  .ntly  rorda.n  water  cr  solvent  of  crystallization. 
Cemprinds  in  this  f-n  are  included  within  the  scope  of  30 
the  invention.  Solvents  of  crystallization  are  readily  re¬ 
moved,  as  de'cribcJ  later,  by  convention.*, 1  procedures, 
e  g.,  rcorjstaUi/ntion,  heating  under  reduced  pressure,  and 
the  hl.c. 

The  tendency  of  the  salts  to  crystallize  with  solvent  of  35 
cryi.-lliz.ibon  tr  water  of  hydration  makes  it  difficult 
at  times  to  'J-rtlfy  accurately  the  composition  of  the 
rcl\ h;. drops'll  borate  .  "ion  solely  on  the  basis  of  clo¬ 
ne;  !ery  nn.iLre-i.  Ho  wever,  identity  of  the  compounds 
c-  n  I  e  cm: fumed  by  strong  characteristic  absorption  bands  ‘i0 
cf  the  li.di’u  anion  in  the  infrared  absorption  spectrum 
v. i-.ich  appear  at  -t.O.irtO.l  and  9.35>x±0.1.  These  bands 
for  the  heretofore  unknown  B12H!2  anion  appear  con- 
•-i. tenth/  in  hi ura’e-f.ve  salts,  hydrated  salts,  and  salts 
having  ctiier  :olver.!>  cf  crystallization. 

In  trie  infrared  absorption  spectra  of  some  of  the  do-  4j 
deceit,  .hodeeab-rates.  the  absorption  at  4.0, a  appears  as 
a  doublet  in  which  there  is  a  shoulder  on  the  4.0, «  band 
at  about  4  1 1;«. 

It  is  r.otid  that  no  official  system  of  naming  of  boron  rf. 
compounds  has  been  adopted  at  the  present  time.  The  0 
nomenclature  used  herein  follows  the  proposals  made 
by  a  preup  of  the  Committee  on  Nomenclature  of  the 
American  Chemica'  Society  Division  of  Organic  Chemis¬ 
try.  These  proposa's  are  discussed  in  (1)  a  paper  pre-  rr 
sented  by  G.  W.  bchaclfer  at  the  American  Chemical  JJ 
Sccicty  Meeting,  San  Francisco,  California,  April  13-18 
(1558),  (2)  a  paper  presented  by  K.  L.  Loening  to  the 
Division  of  Chemical  Literature,  American  Chemical 
Society  Meeting,  Chicago,  Illinois,  September  7-12 
(1958),  and  (3)  a  publication  by  Patterson,  Chemical 
Engineering  News  34,  560  (195C).  The  compounds  cf 
the  prere.-.t  invention  will  be  referred  to  as  dodecahydro- 
dodccabcrntes  (2"),  employing  the  appropriate  conven¬ 
tional  name  fee  the  cation,  e.g.,  disodium  dodecahydro- 
ilodccaborate  (2~).  For  simplicity,  the  anion  valence, 
(2_),  will  be  emitted,  but  it  is  understood  that  this  des¬ 
ignation  is  implied  in  the  name. 

The  compounds  of  Formula  1  above  can  be  made  by 
processes  which  involve  the  reaction  of  an  aH  ,li  metal  „ 
or  alkaline  earth  metal  hydroborate  and  duo- at  e  to  pro- 
ducc  alkali  meta!  or  alkaline  earth  metal  ikiiecahydro- 
dodecaborates.  These  compounds  can  be  rep  esented  by 
the  formula: 
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where  M'  is  an  alkali  mete!  or  alkaline  earth  metal  and 
a  has  a  value  of  1  or  2.  As  will  be  disclosed  below,  these 
products  are  then  furj::r  reacted  with  an  appropriate  salt 
or  base  to  combine  the  desired  cations  with  the  dodeca- 
hydrnclodceaborate  union. 

The  reactants  used  in  rhese  processes  of  preparing  the 
compounds  of  this  indention  arc  commercially  available. 
Any  alkali  metal  or  alkaline  earth  metal  hydroborate  can 
be  used,  but  sodium  and  potassium  hydroborates  are  the 
most  readily  available  sails  and  they,  therefore,  form  a 
preferred  group. 

The  aihali  metal  ar.d  alkaline  earth  metal  hydroborates 
employed  arc  also  referred  to  as  metal  borohydridcs  and 
they  can  be  represented  by  the  general  formula: 

(3)  M'(15H4)X 

where  M*  is  selected  from  the  group  consisting  of  alkali 
metals  and  alkaline  earth  —  etais,  and  x  is  a  positive  whole 
numl  er  1  or  2,  i.c.. represents  the  valence  of  M\ 

Alkali  metal  r.r.d  alkaline  earlh  metals  arc,  of  course, 
elements  of  atomic  numbers  3-56,  inclusive,  of  Groups 
I-A  and  1I-A  of  tie  Periodic  Table.  M'  can  be,  for 
example,  lithium,  sedfum.  potassium,  rubidium,  cesium, 
beryllium,  ningnasium.  calcium,  strontium,  and  barium. 
When  M'  is  an  alkali  m-c-tal,  x  has  a  value  of  1;  and  when 
M'  is  an  alkaline  earth  tnetil,  x  has  a  value  of  2. 

Diboranc,  the  second  reactant  in  tbese  processes,  is 
represented  by  the  formula,  B:HS. 

In  central,  commercial  grade  materials  are  sarisfac- 
tory  for  use  in  there  pro-cesses  without  special  purifica¬ 
tion.  It  is,  cf  course,  preferable  that  the  reactants  be 
free  of  adventitious  moisture  which,  if  present,  may  lower 
the  yield  of  desired  product. 

The  reaction  is  conducted  by  maintaining  the  reactants 
in  contact  under  sup-eratmosphcric  pressure  in  the  sub¬ 
stantial  absence  of  moisture  nr.d  at  the  desired  tompeiature 
unlil  an  appreciable  amount  of  pelyhydropolybor;  te  has 
been  formed.  As  a  matter  of  convenience,  the  reaction  is 
frequently  conducted  under  autogenous  pressure  in  a  suit¬ 
able  pressure  vessel.  In  this  mode  of  operation,  a  pres¬ 
sure  ve.sel  is  employed  which  is  lined  with  a  corrosion- 
resistant  material,  e.g.,  commercially  available  stainless 
steels,  platinum  or  stiver.  The  pressure  vessel  is  prefer¬ 
ably  flushed  with  an  inert  gas  to  remove  adventitious 
moisture  and  it  is  then  charged  with  an  alkali  metal  hy¬ 
droborate  and,  optionally,  with  a  solvent.  The  vessel  is 
closed  and  cooled  to  a  low  temperature  with,  e.g.,  liquid 
nitrogen,  solutions  of  solid  carbon  dioxide,  and  the  ’  ke. 
The  vessel  is  connected  to  a  vacuum  pump  and  the  in¬ 
ternal  pressure  is  reduced  to  a  value  sufficiently  low,  e.g., 
1  mm.  or  less  (as  low  a;  0.001  mnr.),  to  permit  the  de¬ 
sired  quantity  of  diberane  to  be  pressured  into  the  reac¬ 
tion  vessel.  The  reaction  mixture  is  held  at  0“  C.  or 
higher  for  the  period  rece'sary  to  effect  reaction.  The 
mixiure  is  preferably  agitated  by  any  suitable  means  dur¬ 
ing  the  heating  period. 

Tlie  molar  ratio  in  which  the  reactants  are  used  is  not 
critical.  It  is  preferable  to  use  at  least  as  much  diborane 
as  alkali  metal  hydroborate,  i.e.,  the  molar  ratio  of 
B2H6/M'(BH1)x  is  preferably  at  least  1.  To  obtain 
high  yields  of  poh hydropolyborates  having  12  boron 
atoms  and  an  equal  number  of  hydrogen  atoms,  it  is  de¬ 
sirable  to  use  diborcre  in  considerable  excess,  i.e.,  the 
molar  ratio,  B2Hc/M'fBH^)j  is  preferably  2  or  3  or  even 
higher.  It  is  not  necessary,  however,  to  use  these  ratios 
to  obtain  at  least  some  quantity  of  the  desired  poly-hydro- 
polyborates. 

At  105°  C.,  or  higher,  the  principal  product  is  a  poly- 
hydropolyborate  having  at  least  12  boron  atoms  and, 
generally,  although  not  necessarily,  an  equal  number  cf 
hydrogen  atoms.  A  principal  product  at  the  higher  tem¬ 
peratures  of  operation  is  a  dodecnhydrododecaborate  salt 
of  Formula  2. 

?!  Luting  of  tl.c  nactarts  r.?y  he  sutinpTisTied  by  any 
suilable  means.  The  temperature  may  be  raised  by  a. 
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stepwise  procedure  or  the  desired  temperature  may  be 

Tcached  by  a  utiC-nitp  pi uCCSX. 

It  is  essential  that  the  reaction  be  conducted  at  a 
pressure  higher  than  atmospheric.  Accurate  control  of 
the  pressure  is  not  necessary  and  autogenous  pressure 
obtained  iri  the  reaction  chamber  is  normally  used.  This 
pressure  may  lie  between  about  3  to  500  atmospheres 
(absolute)  or  even  higher.  It  is  preferable  that  the  re¬ 
action  be  conducted  at  a  pressure  of  5  atmospheres  (ab¬ 
solute)  or  higher. 

Mixing  of  the  rcaclants  during  the  process  is  desirable 
although  not  essential.  Mixing  can  be  accomplished  by 
any  suitable  means,  c.g.,  by  mechanical  stirring,  shaking 
or  tumbling  ol'  the  entire  reactor. 

The  time  of  the  reactants  during  the  process  is  desirable 
although  not  essential.  Mixing  can  be  accomplished 
by  any  suitable  means,  c.g.,  by  mechanical  stirring,  shak¬ 
ing  or  tumbling  of  (he  entire  reactor. 

The  time  of  tire  reaction  is  not  critical.  In  a  batch 
process,  (he  time  will  generally  lie  between  about  1  hour 
and  50  hours.  In  general,  a  reaction  time  of  5  hours  to 
25  houis  is  sufficient  for  batch  operation.  For  a  con¬ 
tinuous  process,  which  can  also  he  employed,  shorler  re¬ 
action  times  are  used  and  unreactcd  components  can  be 
recirculated. 

In  working  up  the  reaction  products,  the  volatile  re¬ 
action  products  are  generally  removed  by  venting  the 
vessel  to  the  atmosphere.  Hydrogen  is  a  by-product  of 
the  reaction  and  it  is  removed  with  the  volatile  products. 
Suitable  precautions  should  be  observed  in  venting  the  re¬ 
action  vessel  in  view  of  the  flammability,  toxic  or,  pos¬ 
sibly,  explosive  hazards  of  the  volatile  products. 

lire  reaction  products,  left  after  venting,  are  generally 
liquids  or  soli. Is.  They  can  be  separated  and  purified 
by  conventional  procedures,  e.g.,  liltration,  crystallization, 
solution  chromatography,  and  the  like.  The  products 
should  he  handled  with  the  customary  precautions  ob¬ 
serve!  in  hurdling  chemical  compounds  to  prevent  undue 
contact  with  the  skin  or  inhala'.ic  n  of  fine  powders. 

In  a  prefect ed  form  of  these  processes,  the  reaction 
between  diboiane  and  the  alkali  metal  or  alkaline  earth 
metal  hy.koborate  is  conducted  in  the  presence  of  an 
inert  solvent,  i.c.,  a  liquid  which  is  unreactive  under  the 
conditions  of  the  reaction  with  the  components  of  the 
process  ar.d  with  the  products  which  are  derived.  Ethers, 
thioetl.ers  (i.c.,  sulfides),  tertiary  amir.es,  trisubstiluted 
phosphines  and  hydrocarbons  can  be  used  in  the  process. 
Tie  solvents  preferably  are  liquids  at  the  operating  tem¬ 
perature  and,  in  most  cases,  arc  liquids  at  prevailing 
h.mospheric  tempeiatures.  Examples  of  operatic  sol¬ 
vents  arc  diethyl  ether,  1,2-ditr.cthoxyetbane  (giyme), 
l,2-dietho.\ycthane,  benzene,  hexane,  triethylamine,  tri- 
butylamine,  dimethyl  sulfide,  dibutyl  sulfide,  tricthyl- 
phosphinc,  tributylphosphinc,  ar.d  the  like.  Ethers  and 
tertiary  amines  are  preferred  solvents.  Relatively  high 
boiling  ethers  or  amines,  such  as  giyme  or  triethylamine, 
are  especially  preferred. 

The  alkali  metal  and  alkaline  earth  metal  dodecahydro- 
codetaborales  can  be  employed  to  prepare  compounds  of 
Formula  I.  For  example,  an  aqueous  solution  of  an  alkali 
rr.etal  or  alkaline  earth  metal  salt  is  contacted  with  a 
strong  acid  or  with  a  strongly  acidic  cation  exchange  resin 
to  obtain  the  free  acid,  H2B12Hi2.  The  acid,  generally 
in  solution,  is  reacted  with  oxides  of  metals,  hydroxides 
of  metals,  salts  of  metals  (both  organic  and  inorganic), 
■nitrogen  bases,  salts  of  nitrogen  bases  (both  organic  and 
inorganic),  and  similar  types  of  compounds  to  obtain 
dodccahydrodo decabotales  which  have  tire  desired  cation 
M.  In  a  process  employing  an  ion  exchange  resin, 
strongly  acidic  resins  of  the  sulfonic  acid  variety  a.c 
preferred  because  of  availability,  e.g.,  “Amberlile-’  IR-- 
;2n-H  and  “Dowex”  50.  To  iliustrate.  an  a  ueous  solu¬ 
tion  of  Na:Bi-Hi2  is  p  issed  through  a  column  packed 
with  “Amberlite”  IR— 12.0-  II.  The  eluent,  which  con¬ 
tains  the  acid  H2312H|2,  is  evapoiated  under  reduced  pres- 
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sui.i  to  obtain  the  concentrated  acid,  generally  as  a  hy¬ 
drate,  in  the  ftm.v  *>'  a  white  uyc’.ilkr.e  solid.  The  steid, 
in  aqueous  solution,  can  be  reacted  with  nitrates,  chlo¬ 
ride-:.  bromides,  acetates,  benzoates  and  similar  salts  of 
*  metais  or  other  bases  to  obtain  salts  of  Formula  1. 

In  a  second  mods  of  operation  the  alkali  metal  and 
alkaline  earth  metal  dodccrhydrcdodccnborales  can  un¬ 
de.  jo  simple  metathetic  reactions  with  other  salts  to  effect 
an  exchange  of  cations.  Thus,  Na:Bi2H12  can  be  reacted 
10  v.i.h  ammonium  sulfate,  pyridinium  chloride,  morpho- 
liiiium  sulljjie,  silver  nitrate  and  ferric  sulfate  in  aque¬ 
ous  or  non-aqueous  solution  (e.g.,  methanol)  to  form 
dodccahydrododecaborates  having  as  cations  ammonium, 
pyridinium,  morphc'.iniuui,  silver  and  iron.  These  ilius- 
15  (rations  are  not  limiting  and  they  demonstrate  the 
breadth  of  metathetic  reactions  which  can  be  used. 

The  novel  products  obtained  by  the  processes  of  this 
invention  are  useful  as  sequestering  agents  for  metals, 
especially  heavy  metals. 

20  To  illustrate,  a  mixture  of  hydro-carotins  in  the  boil¬ 
ing  range  of  gasoline,  which  contains  in  solution  a  cop¬ 
per  suit  of  an  organic  add  (copper  stearate),  is  thor¬ 
oughly  agitated  with  an  aqueous  ammon'acal  solution 
of  Na-BuHu.  Toe  hydrocarbon  layer,  which  is  sepa- 
25  rated  from  the  aqueous  reagent,  is  completely  free  of 
the  deleterious  copper  salt. 

The  new  compounds  are  useful  as  sequestering  agents 
for  metals  in  aqueous  media.  Thus,  copper,  nickel,  co¬ 
balt,  zinc  and  caJr.Jum  are  removed  from  aqueous  solu- 

39  lions  of  salts  c  .-warning  these  metal:-  by  mixing  the 

solutions  with  a  t  atrunoniacal  solution  ot  an  alkali  metal, 
or  alkaline  car^h  metal  salt  of  a  dodecahydrcdodeca- 
boratc,  e.g.,  Na-3i2Hi2>  Cs,Bi2H.2  and 

^  CnB12IIi2. 

35  The  ammonium,  telrnmclhyUmr.ionium  and,  n  gen¬ 
eral,  ni'.rcgcn-bavi  salts  arc  also  useful  in  the  held  of 
sequestering  agents  to  remove  u~  desirable  metals  from 
aqueous  or  hydrocarbon  media.  In  addition  to  the  metals 
named  in  the  preceding  paragraphs,  silver  ior;  are  re- 

40  moved  from  solutions  containing  them  by  treatment  with 
Na2Bl2H|2.  Mercury  aniens  are  r  i moved  by  treatment 
with  ammoniacal  solutions  of  dodecahydrododecat orates. 

The  dinzonium  salts,  when  heated  or  struck,  decom¬ 
pose  with  rap'd  energy  release  and  they  are  useful  in 
compositions  emn'oycd  as  explosion  initiators. 

In  the  especially  preferred  group  of  salts,  lithium 
dodccahydrodo jocx it  ttrnie  is  useful  for  modifying  the 
combustion  characteristics  of  hydrocarbon  fuels;  rilver 
dodecahydrododec.vhoraie  is  useful  in  the  field  of  light- 
50  sensitive  chemicals  m  ployed  in  photography;  and  mer¬ 
cury  dodecahydredcdecribcrate  is  useful  in  biochemical 
applications  for  which  mercury  compounds  u.e  frequently 
employed. 

The  invention  is  furthci  il ‘nitrated  by  reference  to  the 
5o  following  examples.  In  each  of  the  examples  the  prod¬ 
uct  which  is  isolated  and  characterized  is  a  dodecabydro- 
dodeenborate.  However,  other  polyhydropolyborates  can 
also  be  obtained.  These  compounds  have  the  follow¬ 
ing  general  formula:  •  . .  : 

00  (4)  .  MV(BnHm)b. 

wherein  M'  is  selected  from  the  group  consisting  of  alkali 
metals  and  alkaiine  earth  metals,  (BnHa)  is  an  anion 
having  a  valence  of  1-3,  inclusive,  a'  and  b"  are  posi- 
C5  live  whole  numbers  of  1  through  3  whose  values  are 
determined  by  the  valences  of  M'  and  (EnHn),  n  is  an 
integer  of  at  least  3,  in  is  an  integer  greater  then  3 
and  is  at  least  equal  to  n,  and  the  sum  of  in,  n,  and 
the  valence  of  (B-Hra)  is  a  positive  even  number. 

The  valence  of  M'  can  be  1  or  2,  and  the  value  of 
n  can  range  up  to  14,  20,  or  even  more.  Tbe  relation¬ 
ship  between  a’  and  b'  is  more  particularly  expressed  by 
tee  equation 

...  , ,  a'Xvaiance  of  M' 

75  ^  '  ~  valance  of 
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Note  that  the  value  of  in  is  at  least  4  and  that  it  con 
be  equal  to  or  greater  than  it  bat  never  leas  than  n. 

The  composition  of  the  hydrobornles  obtained  in  the 
process  can  be  controlled  by  conditions  under  which  the 
reaction  is  conducted  so  as  to  fix  the  atomic  ratio  of 
boron  to  hydrogen. 

Example  l 

A  pressure  vessel  (capacity,  SO  ml.),  is  charged  with 
1.9  g.  of  sodium  liydi oborate,  2.8  g.  cf  diborane  and  10 
nil.  of  glyme.  The  mixture  is  heated  with  agitation 
under  autogenous  pressure  at  100‘  C.  for  It)  horns.  The 
reaction  vessel  is  cooled  and  it  is  vented  to  remove  vola¬ 
tile  products.  It  is  noted  that  these  products  contain 
about  0.137  mole  of  free  hydrogen  and  no  diborane. 
Tiie  residue  in  the  reaction  vessel  consists  cf  a  white  solid 
suspended  in  a  yellow  liquid.  The  solid  is  separated  by 
fiitrntion  and  washed  with  glyme.  After  drying,  the 
solid  weighs  3.2  g.  and  it  is  found  by  elemental  analysis 
to  be  a  mixture  which,  solely  on  the  basis  of  elemental 
analysis,  can  have  the  following  compositions: 

Analysis. — Calc’d  for 

Na2»isHn-1.16C,MluO2-0.36NaDH*-HsO: 

C,  17.20;  H,  8.40;  3,  41.27;  Na,  16.74.-  Found:  C,  17.07; 
H,  S.3h;  U,  40 .66;  Na,  16.5. 

The  compound  shows  the  characteristic  infrared  ab¬ 
sorption  spectra  of  the  Ei2Hl2  anion,  i.e.,  bands  at 
4.0p.±0.1  and  9.35/^±0.1  and  it  is,  therefore,  evident  that 
the  product  on  (lie  basis  of  the  infrared  absorption  spec¬ 
trum  and  elemental  analysis  is  disodiurn  dodecahydrc- 
dodecaborate  (2-). 

Example  ll 

Using  the  procedure  described  in  Example  I,  a  mixture 
of  1.9  g.' of  sodium  hydroborate,  10  ml.  of  dry  ethyl 
ether  and  2.7  g.  of  dibcrr.ne  is  heated  for  10  hours  at 
100"  C.  under  autogenous  pressure.  The  volatile  prod¬ 
ucts  obtained  in  the  react!  in  contain  0.2  mole  of  hydro¬ 
gen  and  no  diborane.  A  solid  product  in  the  reaction 
vessel  is  collected,  washed  thoroughly  with  dry  ether  and 
dried  to  give  2.63  g.  of  a  while  solid.  The  infrared  ab¬ 
sorption  spectrum  of  the  solid  shows  that  it  is  a  mixture 
of  sodium  hydroborate  and  a  disodium  polyhydropoly- 
borate  (2-).  Crystallization  of  the  crude  product  from 
a  mixture  of  tetrahydrofuran  and  glyme  yields  a  disodium 
polyhydropolyborate  (2“)  containing  1  mole  of  glyme 
and  1  mole  of  water  of  crystallization.  The  compound 
has  the  formula  NajBi-Hjj-CtH^Oa'HjO,  as  shown  by 
the  characteristic  absorption  bands  in  the  infrared  absorp¬ 
tion  spectrum. 

Example  111 

Using  the  procedure  described  in  Example  I,  a  mixture 
cf  1.9  g.  of  sodium  hydi  oborate,  2.8  g.  of  diborane  and 
10  ml.  of  dry  triethylarr.ine  is  heated  for  10  hours  at 
120‘  C.  under  autogenous  pressure".  The  volatile  reac¬ 
tion  products  contain  0.18  mole  of  hydrogen.  The  non¬ 
volatile  product  in  the  reader  is  diluted  with  ethyl  ctber 
and  r  quantity  (2.64  g.)  of  insoluble  material  is  sepa- 
ra'ed  by  filtration.  The  solid  is  extracted  with  hot  tetra- 
hydrofuran,  leaving  0.74  g.  of  unchanged  sodium  hydro- 
borate.  Glyme  is  added  to  the  tetrahydrofuran  filtrate  to 
form  a  precipitate  which,  when  separated  and  purified  in 
tile  usual  manner,  yields  2.0  g.  of  a  disodiurn  polyhydro- 
polyboratc  which  is  Na2Bi2H12. 

Example  IV 

A  mixture  of  1.9  g!  of  sodium  hydroborate  and  2.S  g. 
of  diborane  is  heated,  as  destribed  in  Example  T,  for  10 
hours  at  120”  C.  under  autogenous  pressure.  A  small 
amount  of  diborane  and  0.145  mole  of  hydrogen  is  re¬ 
covered  in  the  volatile  reaction  products.  A  solid  which 
forms  in  the  reaction  vessel  is  removed,  washed  with  ether 
and  dried  to  give  2.85  g.  of  material.  The  solid  is  ex¬ 
tracted  with  hot  tetrahydrofuran.  leaving  1.4  g.  of  sodium 
hydroborate.  The  tetrahydrofuran  extract  is  evaporated, 


leaving  0.21  g.  of  a  disodiurn  polyhydropolyborate,  i.e., 
disowiii.t  dcitcahydrudoJecabjrate  (2~). 

Example  V 

5  A.  A  pressure  vessel  of  400  ml.  capacity  is  charged 
with  9.5  g.  of  sodium  hydroboraic  and  75  ml.  of  glyme. 
The  vessel  is  closed,  cooled  to  —SO"  C.  and  evacuated  to 
a  pressure  of  about  0.001  mm.  of  mercury.  Diborane 
(14.0  g.)  is  charged  into  the  vessel  which  is  then  sealed 
10  and  heated  with  agitation  under  autogenous  pressure  for 
10  hours  at  120"  C.  The  molar  ratio  of  NaBH,  to  P:Ha 
in  th.s  reaction  is  1:2.  The  reactor  is  cooled,  the  volatile 
products  are  released  by  venting  and  the  contents  of  the 
tube  are  washed  into  a  receiver  with  glyme.  A  suspen- 
25  sion  of  a  white  solid  in  a  yellow  liquid  is  formed  fiom 
which  the  solid  is  separated  by  filtration.  The  solid  is 
dissolved  in  hot  tetrahydrofuran  and  the  solution  is  fil¬ 
tered  to  remove  a  trr.ee  of  unreacted  sodium  hydroborate. 
The  hot  filtrate  is  diluted  with  glyme  and  chilled  to  yield 
20  14.0  g.  of  disodiurn  polyhydropolyborate  (2~)  as  long, 
glistening  white  needles.  The  compound  crystallizes  with 
1,2-dimelhoxyeihaus  and  water  cf  solvation.  The  com¬ 
pound  has  the  fo' lowing  infrared  absorption  frequencies: 
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Analysis. — Found:  C,  15.52;  H,  S.43;  B,  47.12;  Na, 
15.3.  The  compound,  therefore,  has  the  following  com- 
30  position:  NajB,2H!j-O.SSC.1iI:oOv0.56H.-0  (calc'd  anal 
C,  15.37;  II,  7.98;  B,  46.67;  Na,  16.49).  “ 

The  compound  can  be  obtained  as  its  hydrate,  Fee  of 
ether  of  solvation,  by  recrystallization  from  a  large  quan¬ 
tity  of  diethyl  ether  or  tctrahydrofuran/dielhyl  ether  mix- 
35  turcs.  The  ether-free  hydrate  has  the  formula 

Na2D12HjS-HaO 

and  its  infrared  absorption  characteristics  are  as  follows: 
2.3a,  sharp,  medium;  sharp,  strong;  6.2a,  sharp, 
40  medium;  9.25a,  sharp,  medium;  and  13.9g,  broad,' medium. 

Analysis. — Calc'd  for  Nn-B12Hr-H20:  H,  6.85-  15, 
63.05;  Na.  22.32.  Found:  H,  6.56;  B,  62.02;  Na,  20.5. 

B.  The  procedure  of  Part  A  is  repeated,  employing  9.5 
g.  of  sodium  liydroborate  and  26.0  g.  of  diborane.  The 
45  molar  ratio  of  NaBH*  to  E,H5  is  about  1:4.  There  is 
obtained  10  g.  of  a  disodium  polyhydropolyborate  which 
is  shown  to  be  disodiurn  dodecahydrododecaboratc  (2~) 
and  60  g.  of  another  disodium  polyhydropolyborate  (2~). 
The  latter  compound  yields  30  g.  of  highly  purified  product 
on  recrystallization. 

Example  VI 

Using  the  procedure  of  Example  I,  a  mixture  of  1.9 
g.  of  sodium  hydroborate,  2.8  g.  of  diborane  and  15  ml. 
of  benzene  is  heated  for  10  hours  at  120*  C.  under  autog- 
65  enous  pressure.  The  volatile  reaction  product  contains 
0.19  mole  of  hydrogen  and  no  diborane.  The  vessel  con¬ 
tains  a  yellow  solid  suspended  in  a  clear  liquid.  The  solid 
is  removed  by  filtration  and  washed  with  glyme.  The  in¬ 
frared  absorption  spectrum  of  the  solid  shows  that  it  is 
CO  principally  a  disodiurn  poly nyd repoly borate  (2~)  with 
some  unchanged  sodium  hydroboraic,  i.e.,  disodium  do- 
decahydrododecaborate  (2~)  with  a  minor  quantity  of 
sodium  hydroborate. 

65  Example  VII 

Using  the  procedure  of  Example  I,  a  mixture  of  2.8 
g.  of  potassium  hydroborate,  2.8  g.  of  diborane  and  15  ml. 
of  giyine  is  heated  for  10  hours  at  120"  C.  under  autog¬ 
enous  pressure.  A  total  of  0.281  mole  of  hydrogen  is 
70  formed.  The  yellow  solid  in  the  reaction  vessel  is  col- 
Icc.ed  on  a  filter  and  it  is  washed  with  gly'me  until  it  is 
colorless.  The  solid  is  dried  under  very  low  pressure 
(less  than  1  mm.  of  mercury)  at  90°  C.  to  yield  3.93 
g.  of  dipotnssium  polyhydropolyborate  (2~),  "i.e.,  dipo- 
75  tassium  dodecahydrcdodecaborate  (K.2Bi2H12). 


3,169,045 


One-half  of  the  above  soli.’  product  is  dissolved  in  water 

r. tvJ  .  - tj - . O'. 1 1  Ict’.atnethjl.u.iiiioriiimi  ch!ur*dc  is  added  to 
the  solution.  A  v. iiite  solid  ‘epara'cs  which  dissolves  in- 
cnmphtc'.y  v  hen  t!:c  solution  is  healed  to  boiling.  Tnc 
solution  is  lii'ernl  and  the  filtrate  is  chilled  to  precipitate  5 
bis  (!.'!ramt!h>ir.rm-..unium)  doaccahydrododeea  borate 
(2~).  There  is  obi. .tired  0  3 K  g.  of  the  product  which  has 
the  fomula  I  (CM-.)«NJ:3i:Hj2. 

Example  VIU 

10 

A  | TC'sure  level  (capacity,  SO  ml.)  is  charged  with 
0.76  g.  o:  sodium  livdiuboMte  and  15  ml.  of  tri-(n-butyl)- 
pho-p'dre.  I  l,c  vessel  is  closed  end  cooled  to  about  —SO” 

C.  bj  ir-.mertion  in  a  solid  carbon  dioxide-acetone  bath. 
Pressure  in  the  vessel  is  reduced  to  a  very  low  value  (0.1  25 
urn.  ur  lc>s)  by  ntcuM  of  a  vacuum  pump.  Diborane 
(3  1  ;.)  is  :r,;cctcvl  into  the  vessel  which  is  then  closed. 

'1  '-c  r.  action  nixlme  :■>  i'.eatcJ  with  agitation  under  autog- 
citou'  pro', mo  for  10  houts  at  120”  C.  The  reaction 
v-. •  sol  Is  cooi.d  ,.:.d  volatile  "rises  are  retneved  by  venting.  20 
T'.ic  1  an,  err, tain  0.19  mo'cs  of  hydrogen.  A  while  solid 
p.  id;. I  i.t  .*.  w1'.)."’  liquid  remains  in  the  reaction  vessel. 

'1 1  e  niM-nc  is  b  tcr.-il  >o  separate  the  white  solid  which  is 
war  n  <1  ••’. .til  ,  lyt.te  ar.d  dried  at  low  pressure  (0.C0I  mm. 
or  '  '■)  at  '  ti-iui*  Tlrctc  is  obtained  1.61  g.  of  23 
N  t.iir.tl;:.  •••mfilnmg  p'ymc  of  solvation.  The  identity 
of  the  priih'st  is  coniinr.cd  by  the  infrared  absorption 
sj'ectrum. 

Example  IX 

\  pressure  ve'sel  (capacity,  400  ml.)  is  charged  with 
T>dt  e.  v-.lii.m  '..di  chorale  and  75  ml.  of  dry  ttiethyl- 
tditme.  I  be  vessel  is  cooled  in  a  solid  carbon  dioxide- 
ar-time  V..;h  .-.ad  the  internal  pressure  is  reduced  to  less 
th-rt  l.i»  f''a.  p. assure  by  means  of  a  vacuum  puirjp.  Di-  33 
h  T.irte  0.0  -  1  is  introduced  into  the  vessel  which  is 
urn  clo-.-J.  lie  n.ixture  is  healed  with  agitation  for 
id  boors  at  Udi"  C.  Alter  cooling  the  vessel  and  vent¬ 
ing  to  -i  move  w'Tti’c  p’Oihiets,  there  remains  a  solid  resi¬ 
due  which  is  >.  ".I.ed  fiom  the  vessel  with  glyme.  The 
solid  is  separated  by  filiation  and  it  is  again  washeu  with 
’■Isirc.  I  be  bed  solid  is  dissolved  in  hot  tetrahydro- 
t  iran  and  t'.e  volution  is  tillered  to  remove  a  small  quan¬ 
tity  of  ineoitib’e  product.  The  filtrate  is  heated  to  boiling 
and  glyme  is  added  slowly  until  solid  materia!  begins 
to  >  ■;\.r.tie.  ’the  mixture  is  chilled  and  it  is  then  filtered  115 
to  teparale  the  w late  crystals.  These  crystals  are  washed 
with  ■  lyin.c  and  dr.e.  at  less  than  0.001  mm.  pressure  at 
90-ldi)  C.  to  yie'd  4.3.9  g.  of  Nr.3B)s!{12  containing  glyntc 
and  water  of  solvation.  Further  treatment  of  the  filtrate 
yields  an  additional  5.4  g.  of  the  product. 

Example  X  1 

A  pressure  ves'-'l  (of)  ml.  capacity)  is  charged  as  de- 

s. ribcd  in  Example  Vill  with  0.76  g.  sodium  hydroborate,  53 
15  ml.  of  dimethyl  sulfide  and  3.3  g.  of  diboranc.  The 
mixture  is  heated  at  I2U”  C.  for  10  hours  with  agitation 
and  the  volatile  products  are  removed  as  described  in  Ex¬ 
ample  VIII.  The  vnlaiile  products  contain  0.123  mole 

of  hydrogen.  Dimethyl  sulfide  ic  removed  from  the  rcsi-  ro 
due  in  the  reaction  vessel  by  distillation  and. there  remains 
a  white  solid  which  is  rccrystallizcd  from  a  tetrahydro- 
furan/':iyme  mixture.  After  drying,  the  product,  witich 
is  containing  glyme  and  water  of  solvation, 

weighs  1.57  g. 

In  the  operation  of  the  process  at  100”  C.  or  higher  6a 
precursors  of  the  alkali  metal  hydroboralc  can  be  em¬ 
ployed,  c.g.',  an  alkali  metal  and  dibmane,  in  place  of 
the  alkali  metal  Itydroborale.  This  mode  of  operation  is 
illustrated  in  Example  XI.  '' 

*  :  ...  .  .  70, 

Example  XI  •. 

Using  the  procedure  of  Example  I,  a  mixture  of  1.07 
g.  of  metallic  sodium,  2.5  g.  of  diboranc  and  10  ml.  of 
gTjfi.s  vs  frcatc.1  a. id-*  autogenous  pressure  lor  it)  ftottrs  73 
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at  100°  C.  The  volatile  products  obtained  on  venting  the 
icietu  co.it.iin  0.12  mole  of  hydrogen.  The  reaction 
vessel  contains  1.72  g.  of  white  solid  and  approximately 
0.9  g.  of  unreactcd  sodium  metal.  A  portion  (0.5  g.) 
of  the  white  solid,  which  is  shown  by  infrared  spectro- 
graphic  analysis  to  contain  disodium  poiyhydropolyborute 
(2~)  is  dissolved  in  water  and  the  solution  is  treated  with 
excess  aqueous  tetramclhylammoniuni  chloride.  There  is 
obtained  0.2  g.  of  bis(ietramcthy'.amjnonium)  polyhydro- 
polyborate  (2~).  The  compound  has  the  formula 
L(Or4)3N]2B,,H12. 

Other  precursors  for  alkali  metal  hydroborates  which 
may  be  employed  are  alkali  metal  hydrides  and  diboranc 
or  a  combination  of  tin  alkali  metal,  hydrogen  and  di¬ 
boranc. 

In  Examples  I  through  XI  the  principal  p-oduct  which 
is  isolated  and  characterized  is  a  salt  of  dodecahyu>odode- 
is  isolated  and  characterized  is  a  salt  of  dodeenhydrodo- 
decaboraie.  However,  as  stated  previously,  the  process 
fields  a  broad  range  of  polyb yd rojioly borates  represented 
genetically  by  Formula  4.  The  preparation  and  isola¬ 
tion  of  a  representau've  polyhydrepoly borate,  Tallin  ;  with¬ 
in  the  broad  scope  of  compour.  1?  of  Formula  4,  i.e., 
sodium  oetahydiolribcrate,  is  illu-*,;  ted  in  Example  XII.’ 

Ex  ample  XU 

lA)  A  pressure  vessel  (capacity  SO  ml.)  is  charged 
with  1.9  g.  (0.05  mole)  of  sodium  hydroborate  (NuBH4) 
and  10  ml.  of  dry  1.2-dimei.hoxyetha.ie  (glyme).  The 
vessel  is  closed  and  it  is  cooled  to  —  .0“  C.  Pressure  in  the 
vessel  is  then  reduced  to  less  th  at  1  mm.  of  mercury 
and  2.0  g.  (0.073  mole)  of  dibora  ■:  (IT, I lc)  js  charged 
into  the  vessel,  flic  vessel  is  sealed  and  the  reaction  mix¬ 
ture  is  healed  with  agitation  for  10  horns  u  60”  C.  under 
autogenous  pressure. 

The  vessel  is  ceded  and  it  is  vented  to  remove  volatile 
material.  n  umber  liquid  icmains  which  is  held  nnjer 
reeuccd  pressure  (H ss  than  1  miert.t)  at  the  prevailing 
atmospheric  tempej attire  (about  25”  C.)  until  all  volatile 
material  is  removed.  There  remains  9  2  g  of  oily  product 
which  is  sodium  cc ' a V 'd ro t r i b a rn : e  ecr.tuining  clymc. 
rr*’!-)  P10ce:s  Pfirt  A  re  pc  etc  <  mploying  1.9  g. 

{O.uo  mole)  of  sodium  hyuroboiale,  hi  g.  (0.06  mole) 
of  diboranc  and  10  ml  of  glyme.  The  mixture  is  held  at 
25  C.  under  autogenous  pressure  (about  18  atmospheres’ 
3;ui£e)  for  10  hours.  The  voiafiie  products  ccmain  0  04 
mole  of  unreacted  d’horane  and  0.05  rr.oie  of  hydro-cr, 
he  residue  is  a  clear  liquid  which,  following  evaporation 
of  the  so. vent,  leaves  6.4  g.  of  sodium  octahydrotriborate 
containing  glyme. 

(C)  A  water  solution  contain  Itg  5  g.  of  letramcthyl- 
ammonium  clnuridt  is  added  to  in  aqueous  solution  of 
the  sodium  oct  »hjdr<>t.*:bora;  ’  obtained  in  Part  A  A 
wht  e  solid  sept:  -ate  t  which  resolves  upon  heating  the 
mtxture  o  reflux.  The  hot  solution  is  mixed  with  an 
equal  volume  of  Methanol  and  it  is  then  chilled  in  an 
ae  badt.  rel.-ai.it  hylammonium  octahydrotriborate 
(  I  separates  xv;  itc  crystals,  A  total  of  4.97  <*  of 
product  is  ob-tai  ed  from  several  crystallizations.  The 
identity  of  the  compound,  which  has  the  formula 

(CH3)4NB3H8 

is  confirmed  by  the  infrared  absorption  spectrum  which 
is  in  agreement  with  data  reported  for  octahydrotiiborate 
(I-)  salts. 

The  oily  product  obtained  initially  in  the  reaction  is 
converted  to  other  metal  salts  by  reaction  with  the  ap¬ 
propriate  chloride.  To  illustrate,  a  methanol  solution  con¬ 
taining  O.S?  g.  of  tne  oily  product  is  mixed  with  an  equal 
weigb.t  of  cesium  chloride.  The  mixture  is  heated  to  r»- 
fiux  and  just  enough  water  is  added  to  form  a  clear  solu- 
,T  'e  Il0t  m,lx.tl'ra  15  chilled  in  an  ice  bath  and  dense 
Jstals  form  which  arc  separated  by  filtration.  The  ■ 
>sta!s  tre  washed  and  dried  and  there  is  obtained  0.35 
g.  Of  cesium  octnhvdrn*.-. ■•.  rat*-  f.»-|  t.  (yu  ji. 
analysis.-, Caic'd  for  CsB,H,:.  d/76.6;  B,  H, 
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!.v5.  I'o.:ri! :  C\  7!. 55;  i).  I9.C5;  M,  4.67. 

In  ct’i  ■  4  I he  Cewyaift;;  c:  lU;  react  k>n  is  c.n 

ducted  i. iii,-ci:-.;ni.Aphcric  procure.  Reaction  of. 
sodium  liulroboralc  rrid  *'ibor?.na  at  atmospheric  pressure 
Joes  not  yi:M  ti:e  deviled  polyhj  Jropolyboratcs.  To  il-  , 
ias'.ra'.c.  a  \ c s- c I  1;  charged  with  0.95  g.  of  sodium  hvdro- 
loratc  and  15  nd.  if  diy  glynie.  The  charged  vessel  is 
evacuated  to  about  50  mm.  prcssuie  and  sufficient  di- 
bu'.tne  1.0. S  i;.)  is  added  to  bring  the  pressure  in  tht  ves¬ 
sel  'o  1  .■•ttrx.spacie  (15  lb./rq.  in.  absolute)  at  the  pre-  i 
vailing  ti'iapcraiinc,  i.c.,  about  20“  C.  The  vessel  is 
closed,  pT.evd  in  a  mechanical  shai.er  and  agitated  at  25° 

C.  fo1  ;.t'.iiit  -S.0  hours.  The  internal  pressure  remains 
unchanged  it  1  atmosphere.  All  of  the  diboranc  is  re- 
co'e.od  it  d  m  ,cd  and  no  hydrogen  attributable  to  the  re-  l 
action  nf  diboranc  v.ith  sodium  hydroboralc  is  found. 
The  pioeess  is  repeated,  charging  sufficient  diboranc  (2.3 
p.)  Ititv!  the  vessel  imtil  a  presume  of  3  atmospheres  (abso¬ 
lute)  is  reached.  Alter  shaking  the  mixture  for  4  hours 
at  25*  C„  :.n  ir.crc."*:  in  pleasure  is  observed  on  the  gauge.  2 
J!;drc.::n  is  fo  ad  in  the  volatile  reaction  products  and 
Of  ..  3.1  [t  of  ibhcrtmc  is  recovered.  Sodium  oetahydro- 
li.c.  rc.te  (1.0  ,:.j  is  isolated  from  the  solid  rer.ciion  prod¬ 
uct. 

I  horn  :,-e  foregrin?  data,  it  is  evident  that  an  essential  2 
feature  «  f  ’he  prows  is  the  u'C  of  a  pressure  of  at  least 
about  c  atmuu'-'  vii',  i  c  ,  45  lb.. 'so.  in.  absolute,  in  the 
process  tu  obtain  totally  unexpected  results.  At  higher 
p.-C'sures.  c  5  atmospheres  or  higher,  the  reaction  pro¬ 
ceeds  ip. dly  and  peed  yields  of  desired  products  are  ob-  3l 
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obtained  from  Nad3.2Hl;  is  m  atralizcd  by  treatment  with 
ceciu vc,  by  jn-xide..  A  v.'hiR  solid  piCeipiwites  which  is  sep¬ 
arated  by  filtration  and  dried  as  described  above.  The 
pi  oduct,  which  is  Cs-Hj-H;-,  dicesium  dodecahydi  ododeca- 
borate  (2")  is  sparingly  soluble  in  water  and  il  is  charac¬ 
terized  t  the  following  infrared  absorption  bands:  3.9  ft, 
9.35, u,  ;■  irp,  strong;  14.0/x,  sharp,  medium;  13.3/i,  medi¬ 
um  broad,  weak. 

A tis. — Calc’d  for  Cs2B;;.H-,2:  Cs,  65.18;  B,  31.84; 
IT,  2.97.  Found;  Cs,  62.7;  B,  30.91,  31.08;  H,  3.17. 

.(C)  An  aqueous  solution  of  the  acid,  H2BI2Hj2,  is 
neutralized  with  an  aqueous  solution  of  barium  hydroxide. 
Hie  clear  neutralized  solution  is  evaporated  to  dryness 
under  reduced  pressure  to  obtain  barium  dodccahydrodo- 
decaooraic  as  a  white  crystalline  residue.  The  product 
which  has  the  formula  BaBj-Hi;  [barium  dcdccabydrodo* 
dccabcralc  (2-)],  is  very  soiuble  in  water  and  ethyl  alco¬ 
hol.  The  infrared  absorption  spectrum  of  the  compound 
shows  bands  at  4.03/.  and  9.34/x  which  are  within  the  range 
of  characterizing  absorption  bands  for  the  BI2H,2  anion. 

And;,  sis. — Crdc'd  for  Co  B-;i  f12'  1-5  C-HjOi  T 1  vo  i  I  -  O : 
Ba,  42.30;  B,  39.99;  II,  5.37;  C,  2.46.  Found;  Ba,  42.16; 
B,  39.61;  II,  5.41;  C,  2.37. 

An  aqueous  solution  of  the  acid,  upon  treatment  with 
5  ictr.imolhyl.immonmin  chloride  or  tetramcthylammoniiir.i 
liydroxide  yields  [(_CtT;,)4N']sr3l:H|2.  In  like  manner, 
reaction  of  the  acid  with  aqueous  hydrazine  yields 
(i'.Tl2NH,)2B;2HI2;  with  nhcnylliidrazine, 

(C5M3.5HNM3)2B12HI2 


tamed, 

Ficisurcs  above  atmospheric  can  be  obtained  by  any 
suitable  means.  Inert  gases,  eg.,  nitrogen,  argon,  helium, 
saturated  hidrocaibons,  ant  the  like,  can  be  charged  into 
the  i.-aitioit  vessel  wiiii  diboranc  to  provide  the  pressure 
under  the  leactien  londilioas.  Diboranc  can  be  used  in 
mc,m,  as  lihur.-.'.s  I  ip.  lire  examples,  to  provide  a  con¬ 
venient  way  of  o'"ainirg  supci atmospheric  pressure. 

it  is  nut  cvvitial  dint  i  solvent  be  employed  in  the 
prove.'.  However,  in  the  event  a  solvent  is  employed 
care  ‘.'.utild  be  c.v:  died  in  the  choice.  To  illustrate, 
g'yme  i.i  the  presence  of  sc.i.um  by  Iroborale  and  diboranc 
is  unrearlivr,  and  it  is  a  priTcrrcd  solvent.  However, 
L’lytnc  anil  diboranc  in  the  absence  of  sodium  hydroborate 
react  at  It)')’  C.  with  cleavage  of  the  glyme.  Similarly, 
at  low  tcmpcraiuies,  i.c.,  at  less  than  about  80°  C.,  di¬ 
ethyl  ether  is  a  satisfactory  solvent  but  at  higher  tempera¬ 
tures,  generally  above  100*  C.,  it  shows  some  cleavage. 
It  is  preferable,  llieicfore,  to  employ  the  higher  boiling 
solvents  at  tcmperalurcs  above  103"  C. 

Esimples  I-Xl  illustrate  principally  the  preparation  of 
alkali  metal  dodcca'nydrododeeaboiutes.  The  free  acid, 
can  be  prepared  from  a  salt  of  this  type 
as  illustrated  in  Fxamplc  XIII— A  be  lew.  The  acid  is  then 
reacted  with  an  appropriate  salt  or  base,  as  illustrated  in 
Example  X1II-B,  to  obtain  a  bioad  range  of  salts  having 
the  dod rcahyd.od.xlccaborate  anion. 

Example  XIIJ 

(A)  An  aqueous  solution  containing  0.43  g.  of  disodi¬ 
um  dodecahydrododccabcratc  (2-),  oblr.incd  by  the  proc¬ 
ess  described  n  Example  11,  is  passed  through  a  0.5"  di¬ 
ameter  chromatography  column  containing  80  ml.  of  the 
ion  exchange  revin  known  commercially  as  "A rnberlite” 
1R-I20-H,  acid  form.  The  strongly  acid  chlucnl  from 
the  column  is  cvnporaUd  to  remove  all  materials  volatile 
at  less  than  0.001  mm.  at  45“  C.  There  remains  0.3S  g. 
of  a  very  white,  crystalline,  very  hvgres  opic  solid  which  is 
dihydrogen  dodecahydi edodeenborate  (2~).  The  acid 
has  a  pK»  value  at  25°  C.  of  about  2.0  and  it  titrates  as  a 
very  strong  acid,  having  an  equivalence  point  at  a  pH  of 
7.  The  infrared  absorption  spectrum  of  the  acid,  which 
has  the  formula  H2B12HJ2,  shows,  strong  absorption  at 
i.jo/t  and  9.3/1. 

,  IB)  An  aqueous  solution  of  the  free  acid  (H_.3,2H!2) 


■vith  morpholine, 

(OIlsCH.OCit,CiriN.rr:),  Bi-tr., 


33  with  ferou?  suifate,  FeB;2H-,2,  with  calcium  hydroxide, 
CaBl2Hl2;  with  cobalt  chloride,  Co(B|21Ii2);  with  mer¬ 
curic  r.nrrte,  HgBi2H)2;  with  bismuth  chloride, 


Bi2(Bi2H]2)3 


■10  with  magnesium  chloride,  MgB12H:2;  with  pyridine, 
(C6HjNH)-!3i2H-j;  with  amnoR.a,  (NH4)sB,sH,’a;  with 
elhylamine,  (C2HsiNH2)20i2H;2;  with  trioctylamine, 


[(CsH,7)2NH]2Bi2Hj2 

45  w'th  «-aminocanronitri!e,  [CN(CH2)5NH312B,2I-Ii2;  with 
cyclohexvlamine,  (C0HUNH3)2B;:H12;  with  diphenyl- 
amine,  1(C61I5)2NH212BI2H12;  and  with  p-aminobcnzoic 
acid,  (HOOCCeH4KH3)2l3!3H,5. 

A  bro?.d  range  of  sails  can  be  obtained  by  employing 
50  metatheiic  reactions  between  alkali  metal  or  alkaline 
earth  metal  dodecahydrododecaborates  and  other  salts,  as 
illustrated  in  Example  XfV. 


Example  XIV 


55  (A)  An  aqueous  solution  containing  0.3  g.  of  disodium 

dodecahydrododecabcrate,  obtained  by  a  process  cs  de¬ 
scribed  in  Example  II.  is  mixed  with  an  aqueous  somdon 
containing  an  equal  weight  of  tetrarnelhylammcnium 
chloride.  A  white  precipitate  forms  immediately.  The 
GO  mixture  is  heated  to  boiling  and  sufficient  methanol  is 
added  to  form  a  clear  solution.  The  solution  is  chilled 
and  white  crystals  form  which  arc  separated  by  nitration, 
washed  and  dried  at  v  ery  low  pressure  at  90°  C.  There  is 
obtained  0.14  g.  of  bis(telraffictbyIammoniuni)du-J;caby- 
65  drododeeaborate  (2~). 

Analysh'. — Calc'd  for  [(CH3)4N,]5B12Hl. :  C,  13.11;  IT, 
12.5;  B,  44.74;  N,  9.65.  Found;  C,  30  8b;  IT,  11.77;  B, 
46.61;  N,  9.16,  8.88. 

.  TliC  infrared  absorption  spectrum  of  the  compound 
70  is  as  follows,  using  a  "Nujol”  mull:  3,95ft,  sharp,  strong; 
line  structure  at  4,9-6.5/i,  weak;  7.8/t,  sharp,  medium; 
94/i,  sharp,  strong;  and  [for  the  (CH3)4K+  cation], 
iu.5ii.  shar^j  strong;. 

The  compound  can  be  p  rified  by  recrystallization  from 
75  water  to  yield  the  niosohyurate. 


Analysis. — Calc'd  for  f  (CHjhNhB^Hu-HjO:  C, 
31.13;  II,  12.-11;  B,  -12.07;  N  9.03,  Found:  C,  30,95; 
H,  11. -IS;  B,  42.68;  N,  8.80,  8.91. 

(B)  An  aqueous  solution  containing  0.25  g.  of  disodi¬ 
um  dodecahydrododecaborate  (2~),  obtained  by  a  process 
as  described  in  Example  II,  is  treated  with  an  aqueous 
solution  containing  0.25  g.  of  cesium  chloride.  A  white 
precipitate  forms  which  rr.dissolves  when  the  mixture  is 
heated  to  boiling.  Upon  chiliing,  dense  while  crystals  are 
precipii  ueu  which  are  a  mixture  of  dicesiurt  r'tdccahy- 
drododecaborate  (2~)  and  cesium  chlori  ‘  ....  crystals 

arc  scuaiated  and  dried  at  90°  C.  under  redo  ed  pressure 
(less  than  1  mm.  of  mercury),  to  obtain  0.3  i  g  of  white 
crystal'.  The  product  car,  he  furthei  purified  by  recrystal¬ 
lization  front  water  and  it  has  the  conrpositioi  : 

CsjPwHu-CsCl-HsO 

Analysis. — Calc'd  for  Cs3B,..H,4C10:  Cs,  6'  .11;  II, 
2.37;  B.  21.85;  Ci,  5.96.  Pound:  Cs,  66.2;  H,  2.21;  B, 
22.14;  Cl,  5.33. 

The  infrared  absorpt'on  spectrum  of  a  ‘•NujoP  mull  of 
the  compound  shows  the  following  absorption  bands: 
3.9;j,  4.1m,  doubiti.  sharp,  strong;  9.25/t,  shar",  strong; 
9.45m,  sharp,  med'um;  1  3.75/j,  sharp,  mediur  ;  1 4.05/t, 
snarp,  medium. 

Example  XV 

An  aqueous  solution  of  3.2  g.  of  Nn2B;:Hl2  (with 
water  anil  glyme  of  crystallization,  ob'ained  by  a  process 
as  described  in  Example  II)  ir  mixed  with  an  aqueous 
solution  of  12  g.  of  cesium  fiuoi'd..  A  he  ivy  white  pre¬ 
cipitate  forms  which  dissolves  on  worming  the  reaction 
mixture.  On  cooling,  fine  while  crystal-  torm  wl  ich 
arc  separated  by  filtration  and  dried.  Trcre  is  obtained 
3.2  g.  cesium  dodeenhya  ndodecaborate  (2‘)  with  sol¬ 
vent  (glyme)  of  crystallization. 


Example  XVI 

A  solution  of  0.89  g.  of  I'.l’.P.P'.P'.P'-fhexamcthyl) 


Analysis. — Calc'd  for  [Zn(NH;)4I3,jII]2:  Zn,  23.65; 
K  2-.U-  B  47  2-  H  6,78,  FcuikV  2r\  23  CO;  N,  19  55; 
B,  45.8-  H,  8.57. 

(B)  Using  the  procedure  of  Part  A,  a  small  quantity 
5  of  disodium  dodccahydroJodecaborale  is  treated  with 
£mmoriacal  nickel (II)  chloride.  A  lavender-colored 
solid  product  precipitates  and  it  is  separated  by  filtration. 
The  product  is  rccrystallizcd  from  ho:  aqueous  ammonia 
solution  to  form  lavender  crystals  which  are  dried  at 
10  90°  C.  under  very  low  pressure  (less  than  0  01  mm.  of 
mercury).  The  product  is  hexaaniminenickel(II)  dodcca- 
hydrororccabprate  (2~),  i.e.,  a  compound  of  the  formula 
Ni(NH3)cB12lI12.  The  compound,  as  obtained  under  the 
above  conditions  of  drying  contains  0.5  mole  of  water 
15  of  crystallization.  The  ir  frared  absorption  spectrum 
of  the  compound  shows  absorption  bands  at  4.02/s  and 
9.44;-,  which  are  eharactcris'ic  for  the  B|2II12  anion,  as 
well  as  other  bands  at  wave  lengths  which  are  charac¬ 
teristic  for  the  he.  (namminenickel  cation. 

CO  Analysis.— Calc’d  for  ■\i(NHi)eB|-H,->-VSHjO:  Ni, 

18.61;  N,  26.95;  B,  41.6.  Found":  Ni,  is“si;  N,  26.86; 
B,  41.6. 

Example  XV 111 

An  aqueous  solution  of  4.4  g.  of  p-melhoxybenzcne- 
dia70nium  tetrrfiuorobcra'e  in  50  ml.  ef  water  is  filtered 
to  remove  insoluble  mater  The  filtrate  is  cooled  in  an 
ice  bath  and  an  aqueous  solution  containing  1.0  g.  of 
the  monohydraic  of  dir, odium  dodecahydrododecaborate 
(Na2I3i2Hj2T!20)  is  added  to  the  filtrate  with  stirring. 
A  heavy  white  precipitate  forms  which  is  separated  by 
fi'tration.  The  solid  product  is  dried  in  air  and  its  .'nfra- 
red  absorption  spectrum  shows  bands  at  4  0m  and  9. ‘hi, 
characteristic  for  the  13 — II  and  BJ2  skeleton  structures. 

.  The  spectrum  also  shows  band:;  at  4.4.u  (for  tbe  diazo- 
niem  structure)  and  6 .In,  9Au  and  11.9m  (for  the  aro¬ 
matic  ring  structure).  The  product  is  p-methoxybenzcnc- 
diazeninm  dodecahyJrcdodi-caborale  (2~),  i.e. 


30 


35 


cthylenediphosphoniuRi  bromide  in  5  mi.  of  water  is 
added  with  stirring  to  a  solution  of  1.13  g.  of  the  cesium 
sail  of  Example  X 1 1 1  ( 13 )  in  100  ml.  cf  water.  A  vohnni- 
rous  white  precipitate  forms.  The  mixture  is  '.'oiled  to 
cissoivc  most  of  the  precipitate.  Cooling  of  the  hoi  solu¬ 
tion  results  in  precipitation  of  a  white  solid  which  i-  sep¬ 
arated  by  filtration.  The  solid  is  recrystallizcd  "rom  1 
liter  of  water  to  fomi  soft  white  needles.  The  product 
is  B.P.P.P'.P'.P'  -  (hcxamethyl)ethylcnediphosplionium 
dodecahydrododecaborate,  (2~),  i.e., 

L(CHi)2Pa!2CH2P(CH3)3lBI2H,2 

The  identity  of  the  compound  is  ci  nfirmed  by  the  infrared 
spectrum  and  by  elemental  analysis.  The  product,  as 
obtained,  is  free  of  water  of  hydration. 

Analysts. — Calc’d  for  CslluBrP..:  C,  29.S3;  H,  10.64: 
B,  40.29;  P,  19.24.  Found:  C,  29.89;  H,  10.94;  B,  39.86; 
P,  19.31. 

Example  XVII 

(A)  An  aqueous  solution  containing  0.0 1  mole  of 
Na2F3]2Hi2  is  added  with  stirring  to  13  ml.  of  an  aqueous 
solution  containing  2.2  g.  of  ZnCl2  and  7  n  1.  of  concen¬ 
trated  aqueous  NH4OH.  A  white  solid  product  precipi¬ 
tates  and  it  is  separated  by  filtration.  The  sol  d  product 
is  dissolved  in  about  700  ml.  of  hot  aqueous  ammonia  (4 
parts  of  water  and  1  part  of  concentrated  TT4OH)  and 
:hc  solution  is  chilled.  The  product  crystallizes  as  glis¬ 
tening  white  plates  which  are  separated  by  filtration  and 
dried  under  reduced  pressure  (less  than  0.01  mm.  of 
mercury)  at  90°  C.  to  yield  2.2  g.  of  the  ammonia  com¬ 
plex  of  zinc  dodecahydrododccabora.e  1  aving  the  struc¬ 
ture  Zr:(NH3)4B12Fi2,  which  can  be  called  letraam- 
minczinc  ''II)  dodecahydrododecaborate  (2~).  The  in¬ 
frared  abs  err  tion  spectrum  shows  absorptior  bands  ni 
4.05m  and  9.45m.  characteristic  for  tbe  B  ,2H12  ar.io  i,  and 
it  alsci  shows  N-H  absorp  .on  bands  for  the  bound  NH3 
molecules 


•!0 


[p-CIIiO— CcH4— N2]2B12H12 

The  identity  of  the  compound  is  confirmed  by  elemen¬ 
tal  analysis  of  a  portion  of  the  product  which  is  dried 
at  25°  C.  and  0.02  mm.  pressme  for  20  hours.  The  dried 
product  is  shock  sensitive  and  it  detonates  with  a  flash 
of  light  am!  evolution  of  much  black  ash  when  placed 
45  on  a  metal  block  and  struck  witli  a  hammer.  It  also 
detonates  in  the  combustion  chamber  employed  for 
analysis  but,  despite  this  behavior,  analytical  data  con¬ 
form  reasonably  well  with  theoretical  values. 

Analysis. — Calc’d  for  Cl4H-0Bi2N4O-:  C,  40.74;  H, 
BO  6.36.  Found:  C,  38.86;  H,  6.26. 

The  d  azoniiim  salt  of  Example  XVUI  reacts  with 
potassium  phenoxidc  in  ethanol  solution  to  form  a  s.o’u- 
tion  or  intense  yellow  color,  characteristic  of  an  aiomatic 
diazonium  salt. 

65  A  further  characteristic  reaction  of  the  diazonium  salt 
of  Example  XVill  is  ils  rearrangement  in  refluxing 
ethanol  solution  to  a  hydrate  of  the  acid  of  an  arylazo- 
suhstituted  polyhydro  lodecnborate,  i.e.,  a  compound  of 
the  formula  (H30)2l  i2H;2'  N'jCoH4OCH3)2.  This  com¬ 
ers  pound  dissolves  in  ethanol  to  form  a  solution  of  violet 
color.  Evaporation  of  the  solvent  leaves  a  .acky  pi_rple 
solid.  This  product  is  useful  as  a  dye  for  fabrics. 

By  using  the  processes  illustrated  in  Exam. -.ics  XIV, 
XV  and  XVI,  sodium  or  potassium  dodei.ihydrc dec- 
65  aborntc  can  be  reacted  with  rubidium  chloride  to  yield 
Rb2B,2]I12;  with  strontium  chloride  to  yield  SrBl:H12; 
with  tantalum  chloride  to  yield  Ta(EI2H!2)2;  with  chro¬ 
mium  sulfate  to  yield  Cr2(B)jH12)3;  with  manganous 
acetate  to  yield  MnB12F,2;  with  cupric  chloride  to  yield 
70  Cul!12H:2;  with  cuprous  chloride  to  yield  Cu2B13Hl2; 
with  zinc  bromide  to  yield  ZnB!2HI2;  with  cadmium  chlo¬ 
ride  to  yield  Cd3|2H,2;  with  aluminum  chloride  (hy¬ 
drated)  to  yield  At2(UI2H,;)3;  with  stannic  chloride 
(hydrated)  to  yield  Sn(B,2H,2)2;  with  bismuth  chloride 
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chloride  to  yield  [(C|iHiCH;.)(CH3)iN]2B12TI12;  with 
te'.rabutylammonium  chloride  to  yield 

[(QHS)4N]2B12H,2 

with  tetramcthylphosphonium  bromide  to  yield 
r(CH3)4P]2BI2H12 


1,045 

IS 

The  embodiments  of  the  invention  in  which  an  exclusive 
property  or  privilege  is  claimed  are  ce.ined  as  follows: 

1.  Compounds  having  the  formula 

M,(BnHu)b 

wherein  M  is  a  cation  having  a  total  atomic  weight  of  at 
least  5  and  a  valence  of  less  than  5,  and  a  and  h  vary  from 
1  to  3  and  satisfy  the  following  relation: 


with  nrethyltriphenylphosphonium  bromide  to  yield 
[CH3(CtH5)2PJ2BI2H12;  and  w:th  dicyclohcxyldihydro-  10 
fenphospi'onium  bromide  to  yield  [(CeHn)2PH2]2B;2H12. 
The  fcr.eti  :n  ean  be  eji.duc’.id  \t  itsKta^uecuE  solvoi;'.', 
for  example,  methanol,  ethanol,  ether  and  the  like,  if 


,  nX valence  of  M 
6  = - - - 

2.  Compounds  having  the  formula 

hfa(Bi2Hj2)b 


desired. 

By  using  ".be  process  of  Example  XVII  with  the  appro-  l: 
priate  metal  halide  there  can  be  obtained  a  wide  variety 
of  melal  ammine  dodecahydrododccaborates,  e.g.,  with 
cobalt  chloride,  [Co(NH;,)4]B12H;2  is  obtained;  with 
cjpper  calorido,  LC'i(N'1J3i4]B121Ii2  is  obtained. 

By  using  the  process  illustrated  in  Example  XVlIi  with  2i 
the  appropriate  aryldiazonium  halide,  a  broad  range  of 
diaxonium  salts  are  obtained,  e.g.,  with  phenyldiazonium 
chloride,  there  is  obtained  (CgH5N2)2C1211j2,  with 
nnphlbyldiazonium  bremide,  (CioH;N2)2B12H12  is  eb- 
t  lined;  and  with  p-  ihoxypbenyldiazonium  chloride,  2. 
(C2H;OCcUiN2)2Di2Hi2  is  obtained. 

The  dodeealrydrododecaborate  salts  show  a  remark¬ 
able  and  unexpected  stability  in  solution,  particularly  in 
the  presence  of  inorganic  acids.  To  illustrate,  1.00  g.  of 
Xa2Bi2HI2-iI20  is  dissolved  in  50  ml.  of  5r£>  hydrochloric  Si 
;  cid  solution.  The  solution  is  rcfiuxed  for  1  hour  and 
it  is  then  cooled  rapidly  and  stored  at  0-5  C.  After  a 
short  period  t  ie  solution  is  evaporated  to  dryness  under 
reduced  pressure.  There  is  obtained  1.2  g.  of  white, 
crystalline  residue  which  is  shown  by  the  inuared  absorp-  25 
lion  spectrum  to  be  Nn2B;fH12  with  a  small  quantity  of 
H2B12H,2.  The  infrared  absorption  spectrum  shows  that 
the  E|2H12  anion  is  unalt'ccled  by  the  acid. 

The" free  acid  in  the  form  of  its  hydrate,  prepared  ns 
describe  i  in  Example  XIII,  Part  A,  is  completely  stable  '0 
during  storage  in  conventional  containers  at  ordinary 
atmorpheie  conditions.  Even  after  32  days  standing  in 
a  ciosid  container,  the  infrared  absorption  spe.tr uni  is 
unchanged,  showing  no  evidence  of  hydrolysis,  oxidation, 
rearrangement  or  decomposition. 

The  dodecahydrododecaborate  salts  arc  not  hydrolyzed 
or  decomposed  by  refluxing  in  neutral  boiling  water  for  1 
hour. 

This  application  is  a  continuation-in-part  of  our  eailicr 
filed  application  Serial  No.  15,042,  filed  March  15,  I960,  50 
and  now  ab  mdoned. 

The  foregoing  detailed  description  has  been  given  for 
clearness  of  understanding  only  and  no  unnecessary 
limitations  are  to  be  undi  rstood  therefrom.  The  inven¬ 
tion  is  not  limited  to  the  exact  det;  Is  shown  and  dc-  Cj 
scribed,  fer  obvious  modifications  will  occur  to  tuose 
skilled  in  the  art. 


.  wherein  M  is  a  metal  having  an  atomic  weight  of  from 
'  about  5  to  209,  and  a  and  b  vary  from  1  and  3  and  satisfy 
the  following  relation: 

,  aXv.'ilenni  of  71 

b  = - 2 - 

J  3.  Compounds  having  the  formula 
Ma(Bl2H,2)b 

wherein  M  is  a  cation  of  a  nitrogen  base  having  a  rr.o'eca- 
lar  weight  of  from  about  17  to  SCO,  and  a  ail  J  b  vary 
’>  from  1  to  3  and  satisfy  toe  following  relation: 

.  uX\ alcnce  of  M 

b~  1  ~~2 - 

4.  Compounds  having  the  formula 

Ma(B,2H:2)fc 

wherein  M  is  a  cation  cf  a  phosphonium  base,  and  a  and 
b  vary  front  1  to  3  an  i  satisfy  the  following  relation: 

,  «X  valence  of  M 

5.  Dhodium  dodccahydrododccabonue  (2~). 

6.  Dipotassium  dodccahydrododc raborate  (2~). 

7.  Bis(letramelhylammonium)  do  iecahydrododecabc.- 
rate  (2-). 

8.  Diccsium codccahydrododccacorri'.''  (2-). 

9.  Tiie  ammonium  complex  of  ziro'  dcdccnhydrododcc- 
aborale  (2~)  h-  ing  the  structural  fo  rnula 

Zn(NH3)4B12H12 

10.  Barium dodccahydrododccabonu-i  (2~). 
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/“Dowex  50."  Hie  aqueous  solution  of  H2B12H12  probably 
contains  the  hydronium  ion  (H30+). 

Any  dodecahydiododecaborate.  is  operable  in  the  proc¬ 
ess.  However,  as  a  matter  of  convenience  water-soluble 
dodecahydrodod'ecaborates  are  preferred.  Especially 
preferred  dodecahydrododecaborates  are  represented  gen- 
erically  by  the  following  fomula: 


This  invention  relates  to  a  novel  compound  which  io  where  M'  is  hydrogen,  ammonium  (NH4),  substituted  am- 
contains  fcoren  arn!  to  the  preparation  of  this  compound.  monium  (R^R/NH  and  R^N),  or  alkali  metal.  In  the 
More  particularly,  the  invention  relates  to  a  double  salt  substituted  ammonium  group,  R  is  hydrogen  or  R‘,  and  R* 
which  contains  boron  and  to  methods  for  its  preparation.  represents  a  hydrocarbon  group  of  up  to  8  carbons  which 
A  need  exists  for  compositions  which  will  yield  large  can  be  alkyl,  cyclcalkyl,  aryl,  alkaryl,  and  aralkyl.  11- 
quantities  of  energy  under  controllable  conditions.  In  15  lustrative  of  R'  are  the  groups  methyl,  ethyl,  octyl,  cyclo- 
reccnt  years  boron  compounds  have  been  considered  for  hexyl,  phenyl,  benzyl,  and  the  like.  The  nature  of  these 
use  in  this  field  but  many  of  the  available  boron  com-  groups  is  not  a  critical  factor  in  the  process, 
pounds  are  severely  limited  in  use  because  of  hydro-  The  nitrate-bearing  reactant  can,  as  the  same  implies, 

lytic  oxidative  and  other  types  of  instability.  Composi-  be  any  compound  which  supplies  a  nitrate  ion  (NO,-), 

tions  which  will  provide  maximum  energy  when  desired  20  The  compounds  which  are  most  readily  available  are 
and  which  have  good  stability  in  other  respects  form  a  generally  employed  as  a  matter  of  convenience.  These 

valuable  and  needed  class  of  products  particularly  in  the  ara  nitric  acid  and  alkali  metal  nitrates  (e.g.,  NaNOj 

field  of  explosives  and  high  energy  fuels.  KN03  and  CsN03)  which  are  preferably  used  in  solution. 

The  composition  of  the  present  invention  is  a  double  These  compounds  form  a  preferred  group  of  reactants 
salt  of  cesium  nitrate  and  cesium  dodecahydrododecabo-  25  which  can  be  represented  generically  as  M"N03l  where 
rate(2-)  in  which  the  nitrate  and  dodecahydrododecabo-  M"  is  hydrogen  or  an  alkali  metal.  Caution  is  necessary 
rate(2~)  components  are  present  in  equimolar  ratios.  when  nitric  acid  is  used  as  a  reactant  to  avoid  a  vigorous 
The  composition  is  represented  by  the  formula  reaction  and  for  its  reason,  it  is  preferable  to  dilute 

concentrated  nitric  acid  with  an  equal  volume  of  water 
CsjBi3Hij-CsN03  prjortouse.  Cooling  of  the  reaction  mixture  to  about  25“ 

In  this  formula,  the  group  Bi2Hl2  is  referred  to  as  “dodeca-  C.  or  lower  aids  in  controlling  the  reaction, 
hydrododecaborate (2- ) ”  or,  more  simply,  “dodecabydro-  The  third  reactant  supplies  the  desired  cesium  which 

dodecaborate.”  This  group  has  a  negative  valence  of  two,  appears  in  the  final  product.  This  reactant  need  not  be 

i.e.,  in  reactions  it  behaves  as  a  divalent  anion.  employed  in  cases  where  at  least  one  of  M'  and  M"  in 

The  compound  of  the  invention  is  a  crystalline  solid  35  the  two  previous  reactants  is  cesium.  In  the  event  the 
which  is  substantially  white  or  colorless.  It  can  be  stored  third  reactant  is  employed,  any  available  salt  can  be 
for  indefinite  periods  in  conventional  containers,  prefer-  used  which  provides  the  desired  cation-forming  group, 
ably  of  corrosion-resistant  materials.  Containers  of  glass,  Thus,  halides,  carbonates,  sulfates,  phosphates,  hydrox- 
polyethylene,  poly(tetrafluoroethylene)resin,  and  the  like  ides,  and  the  like,  of  cesium,  can  be  used.  To  illus- 
are  suitable.  The  compound  is  soluble  in  highly  polar  40  trate,  cesium  hydroxide,  cesium  fluoride,  cesium  sulfate, 
liquids  such  as  Water.  It  has  only  limited  solubility  in  cesium  phosphate,  and  like  compounds  can  be  employed, 

alcohols,  esters,  ethers,  ketones,  and  the  like.  The  com-  The  process  is  generally  conducted  in  an  inert  liquid 

pound  is  substantially  insoluble  in  hydrocarbons  and  has  medium  which  is  a  solvent  for  the  reactants.  Water  is 
reasonably  god  thermal  stability,  e.g.,  the  cesium  double  entirely  satisfactory  as  a  reaction  medium  and  it  is  a 

salt  is  stable  to  high  temperatures  in  the  absence  of  an  45  preferred  solvent  in  view  of  its  availability  and  ease  of 

open  flame.  When  exposed  to  an  open  flame,  the  com-  handling. 

pound  burns  readily.  •  In  the  simplest  mode  of  operation,  an  aqueous  solu- 

Tbe  double  salt  of  the  invention  is  obtained  by  re-  tion  of  cesium  dodecahydrododecaboratc  is  added  with 
acting  compounds  which  contain  one  or  more  of  the  stirring  to  an  aqueous  solution  of  cesium  nitrate.  The  re¬ 
anion  and  cation-forming  groups  found  in  the  final  prod-  50  action  mixture  is  concentrated,  if  necessary,  by  evapora- 
uct.  Thus,  three  reactants  can  be  employed,  if  desired,  tion  until  the  double  salt  precipitates.  Frequently,  the 
which  are  (1)  a  dodecahydrododecaboratc(2-),  i.e.,  a  double  salt  precipitates  at  once  and  it  is  separated  by  fil- 
compound  containing  the  Bl2Hl2=  group,  (2)  a  com-  tration.  In  this  mode  of  operation,  temperature  is  not 
pound  having  a  nitrate  group  (N03~),  and  (3)  a  salt  of  a  criti.-al  factor.  The  reaction  is  normally  operated  at 
cesium.  Preferably,  water-soluble  reactants  are  employed  55  prevailing  atmospheric  temperature  (about  25°  C.)  but 
to  facilitate  separation  of  the  desired  product.  In  other  lower  or  higher  temperatures  can  be  employed,  e.g., 

words,  by  bringing  together  sources  of  the  three  com-  from  about — 20  to  100  C.  Concentration  01  reactants 

ponen’ts  which  are  water-soluble,  one  may  obtain  the  de-  in  solution  is  not  critical,  i.e.,  dilute  or  concentrated  solu- 
sired  product.  1501,5  can  be  useii-  However,  by  using  solutions  of  maxi- 

Dodecahydrododecaborates(2-)  can  be  obtained  by  60  mum  concentration,  the  double  salt  will  usually  precipi- 
the  process  described  by  Pitochelli  and  Hawthorne,  J.  tate  at  once.  To  obtain  products  which  can  be  purified 
Am.  Chcm.  Soc.,  82.  3229  (1960).  A  general  method  for  with  minimum  effort,  it  is  preferred  that  the  ratio,  moles 
the  preparation  ’of  a  typical  salt,  Na2B12HI2,  is  also  de-  of  nitrate/moies  of  dodecaborate,  is  at  least  3  and  that 
scribed  in  a  subsequent  paragraph.  In  the  event  other  the  same  metal  anion,  i.e.,  cesium  is  present  in  each  re¬ 
salts  arc  desired,  they  can  be  obtained  from  Na2Bi-Hi2  65  actant.  The  process  is  operable  even  though  these  re- 
by  simple  mathematical  reactions.  Dihydrogen  dodeca-  actants  are  used  in  a  molar  ratio  of  less  than  3. 

hydrododecaborate(2-),  i.e.,  H2BuH,2.  if  desired  as  a  In  a  modification  of  tbe  above  method  of  operation, 

reactant,  can  be  obtained  in  water  solution  by  contacting  cesium  dodecahydrododecaboratc  is  dissolved  in  an  aque- 
an  aqueous  solution  of  Na2B,2Ht2  with  the  acid  form  ous  solution  of  cesium  nitrate  to  provide  a  solution  which 
of  an  ion-exchange  resin.  Suitable  acidic  ion-exchange  70  can  be  processed  as  described  in  the  preceding  paragraph, 
resins  are  the  polysulfonic  acid  resins  which  are  com-  In  a  second  mode  of  operation,  an  aqueous  solution  of 

tnericaHy  fcgr,  “Autl-erihe  te-U  W  ihc  iaWa^rndndecabnralt  i<  prepared  ind  an  atpienui 


solution  of  aitric  acid  is  added  with  stirring  to  the  re- 
dUiuii  mixture  which,  preferably,  is  couled.  The  itsult- 
ing  solution  is  mixed  with  a  cesium  salt.  The  salt  most 
conveniently  used  is  the  nitrate  and,  in  the  event  another 
salt  is  used,  e.g.,  a  chloride,  fluoride,  sulfate,  and  the 
like,  sufficient  nitric  acid  is  employed  initially  to  provide 
the  quantity  of  nitrate  ion  needed  to  form  the  cesium 
nitrate  and  to  react  with  the  M'  group  in  M'3Bi3Hi3. 
Thus,  in  a  preferred  method  of  operation  of  this  process, 
the  moles  of  cesium  salt  which  are  used  are  greater  than 
the  sum  of  the  moles  of  dodecahydrododecaborate  and 
moles  of  nitrate.  It  is  not  essential  for  operability  that 
this  ratio  is  used. 

The  concentration  of  nitric  acid  in  the  aqueous  solu¬ 
tion  employed  as  a  reactant  is  generally  at  most  70%  and 
it  is  preferably  lower.  When  a  solution  of  high  concen¬ 
tration  of  nitric  acid  is  employed  the  reaction  is  generally 
performed  at  a  relatively  low  temperature.  Preferably  a 
temperature  of  not  over  about  50”  C.  is  employed.  A 
satisfactory  and  preferred  temperature  range  is  from  about 
—20°  to  30"  C. 

The  product  is  purified  by  conventional  methods.  The 
product  can  be  washed  with  oxygen-containing  liquids, 
e.g.,  acetone,  1,2-dimethoxyetbane,  ethyl  acetate,  ethyl 
alcohol,  and  the  like,  and  it  can  be  recrystallized  from 
suitable  solvents.  In  view  of  the  solubility  of  the  double 
salt  in  water,  particularly  hot  water,  this  solvent  :s  most 
frequently  used  as  a  recrystallizjng  medium. 

Modifications  of  the  above  processes  can  be  employed 
to  obtain  the  double  salt.  Thus,  an  aqueous  solution  of 
the  free  dodecahydrododecaborate  acid  [represented  as 
H3B13Hi3  or,  in  its  hydronium  form,  as  (H30)3Bi3H13] 
can  be  admixed  with  nitric  acid  and  then  with  a  cesium 
salt.  The  free  dodecahydrododecaborate  acid  reactant  is 
obtained,  as  stated  previously,  by  treating  at  temperatures 
between  0”  and  100”  C.  an  aqueous  solution  of  a  metal 
or  ammonium  dodecahydrododecaborate  with  an  ion- 
exchange  resin  capable  of  replacing  the  metal  or  am¬ 
monium  group  by  hydrogen,  e.g.,  polystyrene  cross- 
linked  with  divinyl  benzene  which  is  sulfonated  to  intro¬ 
duce  sulfonic  acid  groups  into  the  aryl  nucleus.  The 
free  boron  acid  reactant  can  be  isolated,  if  desired,  by 
evaporating  the  aqueous  acid  solution  at  about  50”  C.  or 
below,  preferably  .under  reduced  pressure  (10  mm.  of  Hg 
or  less).  The  acid  is  usually  and  most  conveniently  ob¬ 
tained  as  a  hydrate. 

The  preparation  of  the  double  salt  of  the  invention  is 
illustrated  in  further  detail  in  the  following  example. 
The  preparation  of  a  typical  dodecahydrododecaborate, 
used  as  one  reactant,  is  also  described  (Example  A). 

Example  A 

(A)  A  pressure  vessel  (capacity,  400  ml.)  is  charged 
with  19.0  g.  of  sodium  hydroborate  (NaBH<)  and  75  ml. 
of  dry  triethylamine.  The  vessel  is  cooled  in  a  solid 
carbon  dioxide-acetone  bath  and  the  internal  pressure  is 
reduced  to  less  than  1.0  mm.  pressure  by  means  of  a 
vacuum  pump.  Diborane  (36.0  g.)  is  introduced  into  the 
vessel  which  is  then  closed.  The  mixture  is  heated  with 
agitation  for  10  hours  at  ISO”  C.  After  cooling  the  vessel 
and  venting  to  remove  volatile  products,  there  remains  a 
solid  residue  which  is  washed  from  the  vessel  with  1,2-di- 
methoxyetbane  (glyme).  The  solid  is  separated  by  filtra¬ 
tion  and  it  is  again  washed  with  glyme.  The  washed 
solid  is  dissolved  in  hot  tetrahydrofuran  and  the  solution 
is  filtered  to  remove  a  small  quantity  of  insoluble  prod¬ 
uct.  The  filtrate  is  healed  to  boiling  and  glyme  is  added 
slowly  until  solid  material  begins  to  separate.  The  mix¬ 
ture  is  chilled  and  it  is  then  filtered  to  separate  the  white 
crystals.  These  crystals  arc  washed  with  glyme  and  dried 
at  less  than  0.001  mm.  pressure  at  90-100”  C.  to  yield 
43.9  g.  of  Na3B13Hu  containing  glyme  and  water  of  solva¬ 
tion.  Further  treatment  of  the  filtrate  yields  an  additional 
3.4  g.  oi  me  product 

(B)  The  product  of  Part  A  is  rccrystallized  from  a 


large  quantity  of  diethyl  ether  to  obtain  a  hydrate  of 
Na3B13H)3,  Iiee  uf  glyme  as  solvent-  uf  Crystallization, 
i.e.,  the  product  is  Na3B]3Hi3  containing  water  of  crystal¬ 
lization. 

Tie  compound  Na3Bi3Hu  is  referred  to  as  disodium 
dodecahydrododecaborate(2-). 

Example  I 

(A)  A  reaction  vessel  is  charged  with  5  ml.  of  water 
and  1  g.  of  disodium  dodecahydrododecaborate(2~)  di¬ 
hydrate  (Na3B13H13-2H30).  The  mixture  is  stirred  to 
form  a  solution  and  the  vessel  is  immersed  in  a  cooling 
bath  to  maintain  a  temperature  slightly  below  0“  C.  A 
solution  of  5  g.  fuming  nitric  acid  in  15  ml.  of  water  is 
added  dropwise  and  with  vigorous  agitation  to  the  reac¬ 
tion  mixture,  keeping  the  temperature  somewhat  below 
0”  C.  The  mixture  becomes  ted  until  about  half  of  the 
nitric  acid  solution  is  added.  The  color  of  the  solution 
then  becomes  yellow.  After  addition  of  the  nitric  acid  is 
completed,  the  solution  is  stirred  a  few  minutes  in  the  cool¬ 
ing  bath  and,  while  still  cold,  5  ml.  of  an  aqueous  50% 
solution  of  cesium  fluoride  is  added  with  stirring.  The 
precipitate  which  forms  is  separated  by  filtiation  and  the 
solid  is  washed  thoroughly  with  cold  water.  The  solid 
is  crystallized  from  water  containing  an  activated  decolor¬ 
izing  carbon  to  yield  2.3  g.  of  diccsium  dodecahydrododec¬ 
aborate  (2~)-cesium  nitrate  adduct.  The  product  is  fur¬ 
ther  purified  by  recrystallization  from  water  as  described. 
The  identity  of  the  compound,  which  has  the  formula 
Cs3Bi3Hi3-CsN03,  is  confirmed  by  elemental  analysis. 

Analysis. — Calc’d  for  Cs3B13Hi3N03:  Cs,  66.2;  B,  21.6; 
H,  2.0;  N,  2.3.  Found:  Cs,  64.8,  65.9;  B,  21.39,  21.48; 
H,  2.19,  2.31;  N,  1.21,  1.04. 

(B)  A  reaction  vessel  is  charged  with  25  ml.  of  water 
and  20  g.  of  disodium  dodecabydrododecaborale(2-) 
which  contains,  as  solvents  of  crystallization,  about  1 
mole  of  water  and  3.5  moles  of  1,2-dimethoxyethane.  The 
mixture  is  stirred  to  form  a  solution  and  it  is  then  cooled 
in  an  ice-water  bath.  A  solution  consisting  of  5  ml.  of 
70%  nitric  acid  in  10  ml.  of  water  is  added  to  the  cooled 
reaction  mixture  slowly  and  with  stirring.  A  faint  reddish 
color  develops  initially  but  it  fades  rapidly.  Cooling  of 
the  solution  in  the  ice-bath  is  continued  and  20  ml.  of  a 
50%  aqueous  cesium  fluoride  solution  is  added  with  agi¬ 
tation.  A  while  precipitate  forms  which  is  separated  by 
filtration.  The  solid  product  is  crystallized  from  water  to 
yield  19  g.  of  dicesium  dodecahydrododecaborate(2~)- 
cesium  nitrate  double  salt,  i.e.,  Cs3Bj3H13-CsN03.  The 
identity  of  the  compound  is  confirmed  by  its  infrared  ab¬ 
sorption  spectrum. 

The  process  illustrated  in  the  above  example  is  operable 
generally  with  a  wide  range  of  dodecahydrododecaborate 
salts,  i.e.,  with  compounds  represented  gcnerically  as 
M'»(B|3H13)b,  where  a  and  b  are  whole  numbers  of  1 
through  3  whose  values  are  determined  by  the  valence  of 
M'.  To  illustrate,  M'  can  be  ammonium,  substituted  am¬ 
monium,  bydrazonium  or  any  metal  which,  preferably, 
yields  a  water-soluble  dodecahydrododecaborate.  These 
salts  can  be  obtained  by  simple  metathetic  reactions  from 
Na3B13H[3  in  aqueous  solution  or  by  neutralization  of  the 
hydrated  acid,  (H30)3B13H13,  in  aqueous  solution  with  a 
base,  or  by  other  methods  which  are  obvious  to  those 
skilled  in  the  art.  For  example,  neutralization  of  the  acid 
with  ammonium  hydroxide  yields  (NRi)3BI3H13;  with 
cesium  hydroxide,  Cs3Bi3H13  is  oblaincd;  with 

(CjH^NOH 

there  is  obtained  [(C2H5)4N]3Bi3HI3.  It  is  thus  evident 
that  a  wide  range  of  salts  can  easily  be  obtained  for  use 
as  reactants  in  the  above-described  processes  for  obtain¬ 
ing  the  double  salt  of  the  invention. 

The  double  salt  of  the  invention  is  particularly  useful 
as  an  ignition  agent  in  electric  blasting  caps.  For  example, 
in  eleciric  Diasung  caps  to  be  useu  tor  special  purposes, 
such  as  seismograpbic  exploration,  the  accuracy  of  the 
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work  is  dependent  upon  knowledge  of  the  inslant  of  deto¬ 
nation.  At  present,  lead  slyphnntc  is  known  to  be  highly 
sensitive  to  ignition  by  discharges  of  static  electricity  and, 
accordingly,  must  be  handled  with  extreme  caution. 

The  double  salt  of  cesium  nitrate  with  cesium  dodeca-  5 
hydrododecaborate,  i.e.,  CsjBjjHu'CsNOs,  has  been  found 
to  be  very  insensitive  to  ignition  by  discharges  of  static 
electricity  and,  at  the  same  time,  to  be  ignitablc  with 
sufficient  rapidity  to  meet  the  requirements  of  a  “fast” 
ignition  charge.  10 

To  evaluate  the  performance  of  this  double  salt,  elec¬ 
tric  blasting  caps  are  prepared  having  the  design  illustrated 
in  the  accompany  mg  drawing.  Referring  to  the  drawing, 
the  electric  blasting  cap  comprises  a  shell  11  having  an 
integral  closed  end.  A  base  charge  12  is  loaded  adjacent  ]5 
to  the  end.  Such  base  charge  may  consist  of  any  explosive 
conventionally  employed  for  the  purpose,  such  as  cyclo- 
trimethylcnctrinitraminc,  pcntacrythritol  tetranitrate,  pic¬ 
ric  acid,  trinitrotoluene,  tetryl  or  mixtures  thereof.  Above 
base  charge  12  is  primer  charge  13  which  may  be  any  20 
of  the  primary  explosives  (highly  sensitive  to  flame  and/ 
or  shock)  usually  employed,  c.g.,  lead  azide  or  mercury 
fulminate.  Above  primer  charge  13  is  the  loose  igniting 
charge  14  which  in  this  case  consists  of  the  double  salt 
of  cesium  nitrate  with  cesium  dodccahydrododecaborate.  25 
A  bridgeware  IS  connecting  the  termini  of  lead  wires  16 
is  disposed  within  the  ignition  composition  14.  The  shell 
11  is  scaled  with  rubber  plug  17  which  also  holds  the  lead 
wires  16  firmly  in  position.  Alternatively,  conventional 
shell  sealing  means  may  be  substituted  for  the  rubber  30 
plug  17. 

Example  II 

(A)  A  series  of  electric  blasting  caps  are  assembled 
as  described  in  the  drawing.  The  shell  is  of  bronze  and  is 
1V4  inches  long  with  an  outer  diameter  of  0.272  inch  and  '  J 
an  average  inner  diameter  of  0.26  inch.  Into  this  shell 

is  loaded  approximately  4.9  grains  of  pentaerythritol  tetra- 
nitrate,  pressed  at  225-250  lb.  Immediately  above  this 
base  charge,  approximately  2.2  grains  of  lead  azide  is 
loaded  and  pressed  at  about  200  lbs.  Two  grains  of  the 
loose  double  salt  of  cesium  nitrate  and  cesium  dodecaby- 
drododccaboratc  is  inserted  as  the  ignition  charge.  A  con¬ 
ventional  rubber  plug  assembly  is  inserted  in  which  a 
0.0019  inch  diameter  80/20  nickel  chromium  bridge  wire 
is  soldered  to  the  lead  wires  separated  to  provide  a  14  inch 
span  and  projecting  Vb  inch  inch  from  the  base  of  the 
rubber  plug.  The  lead  wires  contained  in  the  rubber  plug 
are  of  20  gauge  copper  insulated  with  nylon.  After  the 
cap  is  loaded  and  the  plug  inserted,  three  peripheral  crimps 
are  made  in  the  shell  wall  to  seal  in  the  plug. 

(B)  To  test  for  static  resistance,  the  lead  wires  of  the 
thus  assembled  caps  are  twisted  together  and  connected 
to  the  high  voltage  terminal  leg-to-shell  static  sensitivity 
apparatus  consisting  essentially  of  a  source  of  variable  gg 
voltage  and  a  scries  of  micromicrofarad  (puld.)  con¬ 
densers  ranging  in  capacitance  from  250-2000  /z/ifd.;  the 
shell  of  the  cap  is  connected  to  a  ground  line.  Voltages 

of  from  0  to  30,000  volts  are  applied  to  a  condenser  of 
known  capacitance  in  increments  of  1000  volts  and  the 
condenser  is  allowed  to  discharge  through  the  cap.  The 
caps  detonate  near  the  upper  limit  of  the  equipment,  e.g., 
when  a  voltage  of  30,000  volts  is  applied  through  a  1000 
prifd.  condenser. 

In  contrast,  caps  containing  lead  styphnate  as  the  igni-  gg 
dun  djafgt  Cuitoilioilly  utlvuuU.  wLtu  a  put^f.tial  of 
volts  is  applied  through  a  2000  pp(d.  condenser,  i.e.,  the 


static  resistance  ul  lead  styphnate  is  only  abuut  Yi  of  the 
static  resistance  of  CsjBuH^-CsNOj. 

(C)  When  caps  prepared  as  described  in  Part  A  ate 
connected  to  a  conventional  blasting  circuit,  ignition  oc¬ 
curs  within  28.9  milliseconds  with  passage  of  a  5  ampere 
(6.85  volts)  firing  current  through  the  bridge  wire  of  each 
cap. 

(D)  When  the  double  salt,  CsjB13Hi3-CsN03,  is  tested 
for  sensitivity  to  impact  in  the  standard  "5-kg.  drop  test," 
the  composition  does  not  detonate  until  the  5-kg.  weight 
is  dropped  on  it  from  a  height  of  45  inches. 

In  contrast,  ignition  compositions  containing  conven¬ 
tional  agents,  e.g.,  lead  styphnate  and  mercury  fulminate, 
detonate  when  a  2-kg.  weight  is  dropped  on  them  from 
heights  of  3  and  2  inches,  respectively. 

(E)  Squibs  are  prepared  using  the  double  salt, 

Cs3B12Hij-CsN03 

The  shell  and  plug  assembly  including  the  bridge  wire  is 
identical  to  that  described  for  the  electric  blasting  cap, 
the  only  difference  being  that  the  detonating  base  charges 
and  the  priming  charges  are  omitted  and  the  charge 
weight  for  the  double  salt  is  increased  to  3  grains.  With 
a  5  ampere  current  the  squibs  functioned  in  an  average 
time  of  29.8  milliseconds.  Black  powder  and  a  number 
of  rocket  propellant  compositions  are  ignited  by  means 
of  these  squibs;  in  all  cases  the  functioning  is  satisfactory. 

Example  II  illustrates  the  usefulness  of  the  compound 
as  a  component  of  electric  blasting  caps.  The  examples 
further  illustrate  the  stability  of  the  compound  against 
premature  detonation  and  explosion. 

As  many  apparently  widely  different  embodiments  of 
this  invention  may  be  made  without  departing  from  the 
spirit  and  scope  thereof,  it  is  to  be  understood  that  this 
invention  is  not  limited  to  the  specific  embodiments  there¬ 
of  except  as  defined  in  the  appended  claims. 

The  embodiments  of  the  invention  in  which  an  exclu¬ 
sive  property  or  privilege  is  claimed  are  defined  as  follows: 

1.  A  double  salt  of  the  formula 

CsjBjjHu'CsNOj 

2.  A  process  for  the  formation  of  CsjBi2Hi;)-CsN03 
which  comprises  bringing  together  the  following  re¬ 
actants: 

(1 )  a  compound  of  the  formula  M’jB^Hu  wherein  M' 
is  a  cation  selected  from  the  class  consisting  of  hy¬ 
drogen,  ammonium,  alkali  metal,  and  N-subslituted 
ammonium  in  which  the  substituents  are  bydrocar- 

'  bon  of  1-8  carbon  atoms, 

(2)  a  compound  of  the  formula  M"N03  wherein  M” 
is  a  cation  selected  from  the  class  consisting  of  hy¬ 
drogen  and  alkali  metal,  and 

(3)  a  cesium  salt  selected  from  the  class  consisting  of 
■  cesium  halide,  cesium  carbonate,  cesium  sulfate,  cesi¬ 
um  phosphate,  cesium  hydroxide,  cesium  dodccaby- 
drododccaborate  and  cesium  nitrate, 

in  a  solvent  inert  to  the  reactants,  and  isolating  the  re¬ 
sulting  product. 

3.  Process  of  claim  2  wherein  the  solvent  is  water. 

4.  Process  of  claim  2  wherein  the  mole  ratio  of  the 
nitrate  compound  to  dodecahydrododecaborate  compound 
is  at  least  3. 
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Ths  invention  relates  to  a  novel  compound  which  con-  ]0 
tains  bonm  and  to  the  reparation  of  this  tnrripound. 
More  particularly,  the  invention  relates  to  a  double  salt 
which  contains  boron,  to  methods  for  its  preparation  and 
to  ignition  compositions  thereof. 

There  is  a  need  in  lire  explosive^  and  blasting  art  for  1,3 
ignition  composition-:  which  are  leliable  and  have  re¬ 
producible  ignition  properties.  One  patticular  area  in 
which  this  need  is  particularly  acute  is  in  delay  initiators 
and  delay  connecting  devices.  Conventional  delay-pro¬ 
ducing  compositions  now  usrd  in  the  art,  because  they  are  20 
normally  mixtures  of  materials,  often  do  not  achieve  the 
aforementioned  end.  •  In  addition,  it  has  been  the  aim  of 
the  art  to  produce  ignition  compositions  which  arc  in¬ 
sensitive  to  impact  and  have  excellent  resistance  to  static 
charges.  03 

The  subject  invention  provides  a  new  boron-containing 
compound  which  is  eminently  mited  for  use  in  delay  pro¬ 
ducing  compositions,  which  ignites  reliably  and  uniformly, 
and  which  has  excellent  resistance  to  impact  and  sialic 
electricity.  30 

Tito  compound  of  (his  invention  is  a  double  salt  cf  ces¬ 
ium  dichrcinate  and  cesium  decahydrodecabornte  having 
the  foinmia: 

(L.s;B!0Hio)2-CsvCr207 

35 

The  compound  ct  this  invention  is  prepared  by  bringing 
together,  as  the  sole  reactants,  a  source  »>f  dccahydro- 
dccaboratc,  BioHjj-2,  dichio  late,  arid  Cs+  in  an  inert 
solvent  for  the  reactants. 

'the  decahydrodecabornte  can  be  provided,  fur  cx-  40 
.ample,  by  decahydrodccaboric  acid,  its  hydronium  ana¬ 
log,  [H,O)sB!cHi0Mh\O)B.  wherein  1:  is  zeio  or  a  posi¬ 
tive  integer]  or  by  s.alts  of  decahydrodccaboric  acid,  such 
as  the  amine  salts,  or  melal  salts  which  arc  soluble  in  the 
reaction  medium,  e.g.,  she  salts  of  alkali  and  alkaline-  43 
earth  metals,  copper,  lead,  silver,  etc.  Dichromate, 
Cr207-=,  can  be  provided  by,  for  example,  ionizablc  di- 
chromntc  salts  such  as  sodium,  potassium  or  ammonium 
dichromate  or  by  dichromic  rc:d.  Any  ionizablc  ccs:um 
compound  bearing  an  inert  anion  c..n  be  employed.  Ex-  50 
ampies  of  such  cesium  compounds  include  cesium  hy¬ 
droxide  or  ionizable  cesium  sails  such  as  cesium  carbon¬ 
ate,  cesium  fluoride,  cesium  iodide,  cesium  bromide,  ces¬ 
ium  chloride,  cesium  sulfide  or  cesium  sulfate, 
Decahydrodccaboric  acid  and  its  hydronium  compound  55 
can  be  prepared  by  treating,  at  a  temperature  between  0" 

C.  and  100°  C.,  an  aqueous  solution  of  a  boron  hydride 
amine  salt  having  the  formula  (R,NH)2BI0H,0l  where  R 
is  H  or  an  alkyl  radical  containing  lc;s  than  5  carbon 
atoms,  with  an  ion-exchange  resin  capable  of  replacing  60 
the  amine  cations  by  hydrogen.  An  example  of  such  an 
ion-exchange  resin  is  a  copolymer  of  styrene  cross-linked 
with  dWrrrtMiSntte  wife  ated  fa  frtifdtfnec  s.iHcmie 
acid  groups  into  the  aryl  nucleus  as  polar  groups.  The 


boron- containing  acid  can  be  isolated  from  the  aqueous 
e  "fluent  by  evaporavon  of  the  water  at  elevated  tempera¬ 
tures,  e.g.,  30— 40 ’  C.,  preferably  under  reduced  pressure 
(0.1-5  mm.  of  mercury).  A  more  detailed  discussion  of 
the  pieparaticn  of  the  acid  is  disclosed  in  copending  ap¬ 
plication  Serial  No.  6.S55,  filed  February  5,  I960,  now 
U.S.  Patent  3,148.939,  in  the  name  of  W.  H.  Knoih  Jr. 
and  assigned  to  the  present  assignee. 

The  boron  hydride  amine  sails  can  be  prepared  by 
reacting  'wo  moles  of  a  primary,  secondary,  or  tertiary 
alkyl  .(Millie  0 t  of  a^ooiotii.i  with  1  iiiuie  of  a  .lecaibui  yl 
bis  (nlkyl  sulfide  I,  o  c.,  decabonl  bisCcJime'hyl  sulfide) 
as  described  in  det-ll  in  copending  applicafon  Serial  No. 
6,354,  filed  February  5,  1960,  now  U.S.  Patent  3,149,163 
and  Serial  Mo.  6.3:5,  filed  r'ebruary  5,  1960,  now  U.S. 
Patent  3,14S,93S,  in  :he  name  of  \V.  H.  Knoih,  Jr.  and  as¬ 
signed  to  the  pro  assignee.  The  amine  salt  also  can 
be  prepared  by  ic faxing  dccaborane  with  a  lower  alkyl 
tertiary  amine  in  benzene  for  several  hours,  cooling  the 
mixture,  adding  acetone,  and  filtering  out  the  desired 
amine  salt. 

The  preferred  sc' vent  system  for  use  in  preparing  the 
double  salt  is  water.  The  double  salt  is  insoluble  in 
solvents  such  as  lever  a'cohc'r,  ketones,  and  the  like. 
However,  it  is  soluble  in  -t  more  polar  solvent  such  as 
water  or  acetic  aci For  this  reason,  a  binary  solvent 
system  :an  be  used. desired,  so  that  or.e  component  will 
maintain  the  um-encted  ions  in  solution  while  the  other 
component  wdl  erfe::  precipitation  cf  the  product,  Ex¬ 
amples  of  such  multi-component  solvent  systems  are  water 
with  95  l  ethanol,  cctiic  acid  with  9593  ethanol,  water 
and  acetone,  water  :  r.d  methanol,  and  water-acetic  acid- 
acetone  mixtures.  The  amount  of  solvent  used  is  not 
critical.  Tie  minimum  amount  of  solvent  used  is  that 
necessary  :o  dissolve  si,  of  the  reactants.  Elevated  tem- 
pcr.ituies  may  be  rre.'encd  to  increase  the  rale  of  dissolu¬ 
tion  and  dcoicase  ti  e  amount  of  solvent  necessary  for  dis¬ 
solution.  There  is  no  upper  limit  to  the  amount  of 
solvent  which  may  be  used  except  fc-r  economic  reasons. 
Usually  reaction  mixtures  with  60  to  959c  solvents  are 
employed. 

To  obtain  maximum  yield  and  utilization  of  the  deca- 
hydrodccaboratc,  at  least  a  stoichiometric  amour,!,  and 
preferably  ex cerses  cf  ’.he  dichromate  1  Cr207--)  and  Cs+ 
are  employed.  Th  tor  two  moles  of  decrhydrodecabo- 
rate,  usually  about  and  preferably  1.5  to  2  moles  of 
dichronuFe  and  at  feast  6,  and  preferably  6.5  to  7  moles 
of  Csh  aie  employed.  Generally,  gieater  amounts  of  di¬ 
chromate  ion,  e.g.,  four  meles,  are  provided  when  the  re¬ 
action  mixture  is  basic,  0  r.,  in  the  case  where  the  amine 
salts  of  dccahydrodeeaboric  acid  and/or  cesium  hydrox¬ 
ide  or  carbonate  are  used  than  when  the  reaction  mix¬ 
ture  is  acidic  or  neutrJ.  In  a  basic  reaction  mixture,  the 
reduction  of  Cr2C7-1  ion  to  CrO,-2  is  encouraged  and, 
hence,  the  presence  cf  a  greater  amount  of  the  dichromate 
initially  insures  the  presence  of  the  Cr207~2  ion.  Of 
course,  amounts  of  Os+,  Bi0H10-c,  Cr207-2  ions  different 
from  those  specified  above  can  be  used,  however,  the 
yields  will  inherently  be  less  because  the  ions  will  always 
combine  in  the  prop-onions  required  for  double  salt  forma¬ 
tion  and  any  iinrcaozed  excess  Cs+,  B10H10-2,  or  Cr207_J 
ions  present  will  re.niin  in  solution. 

The  e-f  <V,  Siottio  *,  and  0  2u7  2 

ior.s  to  form  the  double  salt  occurs  at  room  temperature 


— -  ■  ’*  *  -  -  .  -  .  *  ,  ...  V . .  '  ■  ■  - 
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(20-25°  C.).  However,  when  the  rlntihl*  »|l  u  pre-  tkm  M-:«  cfr«cfc4,  ar.d  (t)  ftc  *m.n  ^nion 

paicd  from  the  boron  hydride  amine  salt;  a  dichromate;  The  mixture  of  the  combined  filtrates  then  was  filtered  and 
and  a  cesium  salt  such  as  carbonate,  heating,  for  example,  cooled.  A  sample  of  the  resulting  precipitate  was  ann- 
^'fcralures  of  up  to  80  C.,  and  preferably  50  to  70°  lyzcd  as  cesium  decnhydredecaboratc  (Cs-BlcHi0).  Addi- 
C.,  is  desirable  to  drive  off  volatile  compounds  such  as  s  tional  sodium  dichromaU;  (13.1  pails-  0  05  mole)  was 
he  free  amine  ammonia,  and  carbon  dioxide.  The  heat-  added  to  the  reaction  mixture,  then  the  resulting  product 
?™  °  el,cc‘  n,orc  cRlc'«nt  recovery  of  the  double  was  diluted  with  water  and  heated  at  75 5  C.  until  solution 

rn  nnTr  .V*  7  m”  'TV  ‘°  f!,m,na,c  tediolls  ^  resulted.  The  hot  solution  was  filtered  and  the"  filtrate 
ration  of  the  double  salt  from  other  compounds  which  was  cooled  to  precipitate  the  double  srit  of  cesium  d=- 
m£,U  ^  capitated-  At  temperatures  be  J(J  chromate  and  cesium  dccahydrodccaborate 
low  0  C.  the  mobility  of  the  ions  lessens  and,  additional- 

ly,  recovery  of  the  double  salt  from  the  reaction  mass  is  f(Cs2B1,H10),-Cs.,Cr,O-) 

■more  involved.  '  “  ' 

The  manner  of  recovering  the  double  salt  r.ot  critical  (34-5  P^ns)  as  a  precipitate.  The  product  was  recrys- 
and  will  vary  from  case  to  case  depending  upon  the  other  ,  -  utilized  from  water  10  give  22. C  parts  of  the  double  s.-It 
ions  present  in  solution  and  the  characteristics  of  the  ’  wilich  mcl!.:  i  at  about  250’  C.  (with  discoloration)  aid 
solvent  used  in  its  preparation.  The  double  salt  is  stable  decomposed  at  about  TiC-  290’  C.  Anahsis  of  the  above 


at  temperatures  up  to  250“  C.  and  can  be  isols.rd  from 
the  reaction  mass  by  simple  cvapoiation  of  he  solvent  or 
the  double  salt  can  be  precipitated  from  the  hot  solution  n0 
by  cooling  the  solution  and  (lieu  fiherirg.  5s  indicated  ” 
hereinbefore,  multi-component  solvent  systems  in  which 
the  reactants  are  soluble,  but  the  doub’e  salt  is  insoluble 
can  be  employed. 

As  illustrated  in  the  examples,  ti,c  order  of  nJ Jit: — ■  of  o- 
the  various  ions  to  the  reaction  mixture  is  not  critical, 
c.g.,  the  B1CH10~2  ion  may  be  contacted  iniviiv  wiih 
either  Cs+  ion  or  Cr207-a  ion  and  the.,  -ontacted  "Ah 
the  third  ion  or  the  Cs+,  K,,H:o-2,  or  Civ\  2  ions  M| 
can  be  added  initially. 

The  following  examples  Hit  stride  speeme  -mixirene:--, 
of  the  invention.  Parts  and  percentages  are  by  weight 
unless  otherwise  designated.  ‘ 


decomposed  ut  about  730-  290’  C. 
double  s.dt  showed; 


Analysis  of  the  above 


Cel-  I  far  Cr,Cs;!I;  O,-.. 
2*  omul  . . 


1 

Cr, 

Cf», 

1  p.-rrellt 

1 

percent 

percent 

IT.  3 

8. 82 

03.3 

i:.ro  1 

8.A5 

04.  23 

i-j.  02  j 

S.  wl 

01.45 

Example  1  jur; 

Trielhylammonium  dccahydrodccaborate  (3  2  narts  °  rC:,lJ 
0.01  mole)  and  2.94  parts  (0.01  mole)  of  potassium  co,,: 
oiciirmatc  were  dissolved  in  50  pai  Is  of  water,  l  ive  parts  C1J>H 
or  25%  aqueous  cesium  hydroxide  then  was  added  to  Prc' 
the  solution,  and  the  solution  was  heated  on  a  r.tc-am  batii  -hi  A 
for  a  period  of  two  hours.  Next,  about  7092  cf  the  v,  iter  cl" c 
was  evaporated  fiorn  the  resulting  solution,  then  the  io-  v’hi' 
suiting  concentrate  was  cooled;  a  fine,  ycllo.v,  uecdic-like  of  c 
precipitate  formed.  The  precipitate  was  filtered  front  the  initi 
concentrate,  and  the  filter  cake  was  washed  with  9592  l,l,1r 
et  innol  and  then  dried."  30  is  m 

The  infrared  absorption  spc.irum  of  the  yellow  crystal-  UK1 
line  product  snowed  the  presence  of  a  band  at  4  0  i  in- 
dicat.ve  of  the  I3-H  bond,  tandes  at  9.3,  9.8,  and  13  8m  URI 

rn  s  “d" 5t4'n l,eat;W  nucleus,  and  bands  at  50 

10.5  and  l/.0/x  which  indicate  tha*  a  true  molecular  com-  1,1,1 u 

pound,  i.e.,  the  dou.de  salt  of  cesium  dichromaie  and  an” 

cesium  decahydrouccabora;;,  was  formed.  These  b-nds  sucl1 

arc  not  mdica'ivc  of  potassium  dichromaie  or  a  phvsical  rito! 

inixtuic  of  the  reactants.  The  product  was  recrysta’liizpd  an  'TlN 
three  times  from  wntei  by  dissolving  (he  double  sr.it  in  is  Pr 

hot  water,  cooling  the  solution  to  precipitate  the  double  Plos 

sad,  and  then  separating  the  double  salt  by  filtration  vcn! 

A  ter  each  recryslalhzation,  the  infrared  spectrum  of  the  ln,n‘ 

product  was  determined.  No  change  occurred  in  the  «()  i"nil 
infrared  analysis,  i.e.,  the  bands  remained  the  same.  The  °  sa!t 
melting  point  of  the  product  was  260-270°  C  fwiih  .tie  bora 
coloration)  and  the  product  flashed  at  290°  C.  wire: 

it.  i  i  Seali 

Example  2  hold 

Triethylammonium  decnhydrodecaborate  (16.1  parts  ^  ,!eld 
0.05  mole)  was  dissolved  in  60  parts  of  25%  cesium  of  tf 

wafhelV0'1  m°,ie  Cesium  h>'droxi<,c).  and  the  mixture  char; 
as  heated  on  a  steam  bath  for  one  and  one-half  hours  initio 

The  solution  then  was  filtered,  and  (ho  filtrate  was  coc  ed  70  In 
to  near  room  temperature.  To  this  filtrate  was  added  a  doub 

tnn°s  m  fe(M'?inediby  (I)  dii30lvinS  !3-*  P“rts  decal 

(0.05  mole)  oi  sodium  dichromate  in  appro  ornately  20  ee 

parts  of  water,  (2)  aJding  ffi3  pant  fofcj  rixle)  vf  ,  ,1'lr, 

cesium  carbonate,  (3)  heating  the  mixture  until  dissolu-  75  wire! 


,  T:,c.  infrared  sncctrum  of  the  product  was  identical  to 
tout  or  the  product  of  Example  I. 

30 

Example  3 

h csi'im  dcci.l.yd-odccaborate  (3.34  purts,  0.01  mole) 
and  2.94  parts  (0.01  n.olc)  of  poi.issiurn  d'chromate  were 
35  surr-n-’-u  m  aO  pa  its  of  water  and  heated  until  dissolution 
resulted.  ^The  hoi  solution  was  filtered  and  the  filtrate 
coi'ivd.  The  infrared  spectrum  of  the  product  which  pre¬ 
cipitated  out  of  -he  ..elution  was  identical  to  that  of  the 
product  of  i"  Au.nple  1. 

40  .  As  previously  indicated,  the  double  salt  of  cesium  di¬ 

chi  ornate  a  I'd  cesium  dsoahydrodecarorste  hns  properties 
v.hicu  make  it  u--ei.il  in  explosive  nppILations.  Typical 
of  such  applications  are  as  an  ignition  agent  in  electric 
mitirtois  and  r:s  a  slow  burning  charge  hi  a  delay  col- 
45  r°r  bclier  understanding  the  above,  reference 

is  now  made  10  the  accompanying  urn-awe  in  which  FIG- 

ricnlr^'™15  a  convcn,io-'.al  elect. -c  blasting  cap  and 
i  ltjURh  repre-vnts  a  ’ength  of  dclav  cord.  In  FIG¬ 
URE  1,  1  represents  a  shell,  c.g.,  of  bronze,  copper,  or 
50  lnteSral'y  Closed  at  one  end.  Adjacent  the 

integrally  closed  end  is  0  pressed  base  ciiaroe  2,  e.g  of 
any  explosive  convention;  lly  employed  for  such  purposes, 
such  as  cydotnmethylenetrinitraii'.inj  (ROX),  pentaeryth- 
ritol  tetranitratc  U’CTN),  picric  acid,  trinitrotoluene 
55  tclr>'>  or  niixtuies  thereof.  Above  base  charge  2 

is  primer  charge  3  which  may  be  any  of  the  primary  ex¬ 
plosives  (highly  sensitive  to  dame  and/or  shock)  'con¬ 
ventionally  employed,  e.g.,  lead  azide  or  mercury  ful¬ 
minate.  Above  primer  charge  3  is  the  loose  or  pressed 
fl()  igniting  charge  4  which  in  this  care  consists  of  the  louble 
salt  of  cesium  d.-ehtuniate  and  cesium  decahvdrodvca- 
borate.  _A  bridgeware  f  ire.— -.acting  the  terminals  of  ]c-d 
wires  6  is  embedded  within  the  ignition  composition  4. 
Scaling  shell  1  is  a  plug  7,  e.g.,  nf  rubber,  which  also 
r,5  lloIds  the  lead  wires  6  firmly  in  position.  The  plug  7  ;s 
held  in  place  by  a  serie:-  of  circumferential  crimps  3.  All 
of  these  features,  except  the  novel  double  sal;  ignition 
charge,  represent  conventional  elements  of  electric 
initiators. 

70  In  FIGURE  2,  9  represents  a  continuous  core  of  the 
double  salt  of  cesium  di-.hrcmate  and  ce-iun.  decrVdro- 
dccaborntc  which  is  contained  within  a  ftcx'ole  sheath  10, 
e.g.  of  nonmetallic  material,  such  us  fiocglass,  or  a  ductile 
1  wta!,  t.g:  .ib.,  liirem,  lead,  coppei,  or  a  or.uuco  metat 
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The  live  n.  •  ic  double  salt  of  ces'mii  dLliro.Y.atC.  .md 
cesium  'l.'cn!'. !.c.ilvir.'’c  in  c.cclric  initiators  and  in 
del:..  ci.-Jv  i.  i. ills;."!  d  by  ihc  following: 

Example  4 

A  \l'v:s  of  c'-ht  tieet'  ic  bl.r.iing  caps  were  assembled 
as  iiln-traied  in  i  TUBE  1.  The  bronze  shell  was  V/a 
i tic b t i  lone  v.  ",h  an  uuter  di.  melcr  of  0.272  inch  and  an 
average  in>  ;r  d..:'ne:er  of  026  inch.  Into  this  shell  was 
hv.deii  5  r  ain-,  of  pn.uncr>tl.ritol  tetranitratc  pressed  at 
2 CO  pound;.  Tr.T.ediaicly  above  this  base  charge  was 
loaded  3  grains  of  lead  azide  pressed  at  200  pounds  In 
four  she!  ,  3  grains  oi  the  double  salt  of  ctsitim  di- 
ciuomate  and  cesium  dec  ihydioiiecaboralc  pressed  at  200 
pounds  was  in  cr:cj  as  the  ignition  cha.ge,  adjacent  the 
primer  charge.  In  the  renaming  four  shells,  2  grains  of 
loose  double  si.it  of  cesium  bichromate  and  cesium  dec- 
aliydrodec.il'crate  was  invert'd  as  the  ignition  charge, 
adjacent  the  primer  th.-upe.  In  each  shell  was  inserted 
a  conven'ional  rubber  plug  assembly  in  which  the  0.0019 
inch  dian'ctcr  bEJ/cuiie  v  as  rohlcred  to  the  lead  wires 
: e pa».  tod  to  provide  a  1  s-inch  span  and  projecting  :/a-ineh 
from  the  h.ec  of  p;c  rubber  plug  The  lead  wires  con¬ 
tained  in  t!ie  i am  er  ph  *  were  of  20-gage  copper  insulated 
by  nylon.  After  the  cop  v.as  loaded  and  the  plug  inserted, 
three  peripheral  c.iinps  were  made  i.t  the  shell  wall 
to  'c.-l  the  pi'm.  Wi  en  a  5-ampcre  direct  current  was 
applied  to  tae  lead  wires,  each  of  the  blasting  cap.;  det- 
on.itcd.  To  .oo.f.e  time  between  the  application  of 
the  current  and  •  ,e  detonation  of  the  base  charge  for  the 
caps  with  the  |.:c  d  igm'ion  charge  was  about  210  mil- 
1 -cconds  while  thi’t  fui  th.e  c  ;ps  with  the  loose  ignition 
charge  w  as  phot  t  f  .<  t.iiti' .cconds.  The  uniformity  in 
i  .ijy  within  c.:;a  ..mu, a  r;  ”..ps  was  good  us  compared  iO 
conventional  delay  blasting  caps. 


6 

The.  double  s?U  ?s  relatively  insetnitive  to  impact  and 
exhibits  excellent  resistance  to  static  charges.  In  the  im¬ 
pact  sensitivity  test,  the  double  salt  on  a  steel  plate  does 
not  detonate  when  a  ’/i-inch  diameter  steel  ball  is  dropped 
5  on  the  double  salt  from  a  height  of  up  to  45  inches. 

In  the  lest  for  static  resistance,  the  lead  wires  of  a  cap 
containing  the  double  salt  were  twisted  together  and  con¬ 
nected  to  the  high  voltage  terminal  of  “lcg-tc-shell”  static 
sensitivity  apparatus  consisting  essentially  of  a  source  of 
)0  variable  voltage  and  a  series  of  'nicromicrofarad  con¬ 
densers  ranging  in  capacitance  from  250-2000^/-“.;  the 
shell  of  the  cap  vvis  connected  to  a  ground  line.  Voltages 
from  0  to  30,000  volts  were  applied  to  a  condenser  of 
known  capacitance  in  increments  of  1,000  volts  and  the 
15  condenser  was  allowed  to  discharge  through  the  cap.  The 
cap  did  not  detonate  at  the  upper  limit  of  the  machine, 
e.g.,  at  voltages  of  30,000  volts  applied  through  a  2,000/a/if. 
condenser,  indicating  that  the  double  salt  has  a  static 
resistance  greater  than  77,500  man-equivalent  volts 
20  (mev.).  Despite  the  insensitivity  to  impact  and  static, 
the  double  salt  of  cesium  ciickromatc  ard  cesium  decahy- 
dredeenborate  i;  easily  ignited  by  a  heated  wire,  making 
the  salt  highly  desirable  as  an  ignition  compound  in  blast¬ 
ing  devices. 

25  Net  only  does  the  c'.c.ibie  salt  of  cesium  dichromate 
and  cesium  decahydvndecaborate  h:vc  properties  desirable 
in  explosive  applications,,  but  also  the  double  salt  is  light 
sensitive,  i.c.,  turns  brown,  and  can  be  used  in  applica¬ 
tions  where  such  a  chaiactci'slii'  is  desirable. 

30  The  invention  hv.  been  fullv  described  in  the  foregoing 
discussion;  however,  i.  wiil  be  apparent  to  those  skilled  in 
the  art  that  many  variations  ire  possible  without  depar¬ 
ture  from  the  scope  of  the  invention.  It  is  intended, 
thacpfixc  ij  JVttowl  tfi*  ftltewitt*  flfiim 

35  I  claim: 

1.  A  double  sail  of  the  formula 


■S 

i 


Example  5 

A  lead  t:.1  i  '"■'•J  with  ;ho  double  salt  of  cesium  di- 
chromate  .out  cr.uin  d.'v'ibydroJecaborate  was  drawn  40 
down  through  a  series  of  dies  to  give  a  cord  having  an 
nti’er  '’'ameter  of  ■'  '75  inch  and  a  double  salt  distribution 
of  it\56  rr.-.iir  p-r  foot  of  length.  A  6-inch  length  of 
the  thus-prepared  cord,  ignited  by  an  electric  blasting  cap, 
burned  for  a  period  of  13.6  seconds.  45 

Tt-.,  ->!yice  -v-  vdorc  v, ns  folhv.wl  for  ure  Hiring  a  rnril 

drawn  down  to  m  outer  diameter  ot  U.I5  inen  anil  having 
a  double  '.ill  .’•■  iribntion  of  26.4  grr.ins  per  foot  of  length. 

A  ds-inch  length  of  the  ihus-prcparcdcord,  ignited  by  an 
electric  blasting  cap  burned  for  a  period  of  18.2  seconds,  jo 

C”  Is  having  a  double  salt  distribution  of  from  15 
grains  per  foot  of  length  to  as  high  as  250  grains  per  foot 
of  length  may  similarly  he  prepared  according  to  the 
above  procedure. 

The  use  of  the  double  salt  of  cesium  dichromate  and  55 
cesium  decahydrodccahoratc  in  delay  initiators  and  delay 
connecting  device;  p.ovidcs  distinct  advantages  over  well- 
known  standard  delay-producing  compositions,  e.g., 
boron-red  lead  mixtures,  barium  peroxide,  selenium  mix¬ 
tures,  antimony-potassium  permanganate  mixtures,  and  GO 
black  powder.  For  example,  the  double  salt  bums  at  a 
more  uniform  rate  and  exhibits  a  more  reproducible 
burning  rate  than  do  the  standard  delay  compositions. 
These  advantages  are  believed  to  be  attributed  to  the  fact 
that  the  double  salt  of  cesium  dichromate  and  cesium  55 
decahydroJccahcrate  is  a  single  molecule;  whereas,  the 
standard  delay  compositions  are  generally  physical  mix¬ 
tures  of  two  or  more  components  and,  if  not  mixed  prop- 


(OsiBioHioIa'CsuCDO, 

2.  A  process  for  preparing  (CssBioHnOz'CsiC^O?, 
which  comprises  bunging  together,  as  the  sole  reactants, 
(a)  a  compound  of  the  group  consisting  of  decahydro- 
decaboric  acid,  its  hydronitim  analog,  and  an  ionizable 
salt  of  said  acid,  (b)  an  icr.izable  Cr207-2  salt  and  (c) 
an  ionizable  cesium  compound,  in  an  inert  solvent  for 
such  reactants  at  a  temperature  of  0  lo  250°  C. 

1  A  gfecrst  ,  {  ck  <1.  2  kiAirrctii  w-lvnnJ  ecragriart 
water. 

4.  A  process  of  claim  2  wherein  reactant  (a)  is  tri- 
cthylammonium  decabydrodccaborate. 
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This  invention  relates  to  a  new  ammonia  decaborane 
compound,  bis(ammonio)decabo!ane,  and  to  a  method 
for  its  preparation. 

Decaborane,  B10Hh,  is  a  solid,  volatile  hydride  of 
boron.  Although  it  has  been  known  for  some  years  and 
is  produced  in  considerable  amounts  when  either  diboranc 
or  tctraboranc  is  pyrolyzed,  its  chemistry  is  still  only  im¬ 
perfectly  understood.  Of  late,  increasing  interest  it:  deca- 
boranc  and  compounds  derived  from  decaborane  has  re¬ 
sulted  from  the  discovery  of  several  decaborane  deriva¬ 
tives  having  varied  and  unusual  physical  and  chemical 
properties. 

It  is  an  object  of  this  invention  to  provide'  a  new  am¬ 
monia  derivative  of  decaborane,  bis(ninmonio)dcca- 
borane. 

Another  object  is  to  provide  a  new  derivative  of  deca¬ 
borane  having  physical  and  chemical  properties  which 
make  it  useful  as  a  fuel  component  as  well  as  in  several 
other  applications. 

Still  another  object  is  to  provide  a  method  for  produc¬ 
ing  the  above  new  compound,  bis(ammonio)dccaboranc. 

Other  objects  will  become  apparent  from  time  to  time 
hereinafter. 

This  invention  is  based  upon  my  discovery  that  the 
reaction  of  ammonia  with  decaborane  in  the  presence  of 
a  lower  alkvl  ctiier  produces  bis(ainmonio) decaborane, 
(Ni-f3)2I3101I)2,  in  accordance  with  the  following  equation: 

B10H1d-2NH3-»(NH3)2B1oHI2+H2 


was  stirred  for  about  b  hours.  The  reaction  mixture  was 
filtered  and  washed  and  a  white  solid  which  had  precip¬ 
itated  during  the  reaction  was  recovered.  This  product 
weighed  3.5  grams  and  upon  analysis  was  found  to  con- 
6  tain  67.5%  boron  and  18. i%  nitrogen,  compared  to  the 
theoretical  values  of  70.1%  boron  and  18.2%  nitrogen 
in  bis(aTnmonio)decaborane,  (NH3)2B10H!2.  The  iden¬ 
tification  of  the  product  was  confirmed  through  infra-red 
and  X-ray  analyses,  in  addition  to  reaction  stoichiometry 
JO  and  chemical  analysis. 

Example  2. — A  glass  reaction  tube  was  charged  with 
1.27  millimols  of  decaborane,  2.2S  millimols  of  ammonia 
and  15.2  millimols  of  ethyl  ether.  After  the  reactants 
had  been  condensed  into  the  tube,  it  was  sealed,  placed 
15  in  a  shaker,  thereby  agitating  the  reaction  mixture,  and 
warmed  to  room  temperature  (about  25  to  30°  C.). 
After  about  40  hours,  the  lube  was  opened  and  its  contents 
wore  analyzed.  No  ammonia  remained  and  0.92  millimol 
of  hydrogen  was  obtained.  No  decaborane  was  re- 
20  covered,  even  after  heating  the  reaction  product  to  75°  C. 
for  several  hours.  The  reaction  stoichiometry  indicated 
that  a  white  precipitate  which  had  formed  was  principally 
bisfammonio)decaborane,  (NH3)2B.0H12,  and  this  con¬ 
clusion  was  confirmed  by  infra-red  and  X-ray  analyses. 
25  The  infra-red  and  X-ray  spectra  of  this  product  were  iden¬ 
tical  with  the  product  obtained  in  Example  1  above. 

Bis(ammonio)dccaborane  is  useful  as  au  intermediate 
in  the  synthesis  of  other  boron  compounds  in  which  a 
decaborane-type  structure  is  desired.  It  is  also  useful  as 
30  a  fuel,  cither  in  ordinary  heating  applications  where  it 
may  be  burned  in  air  to  heat  the  surroundings,  or  as  a 
propellant  component  in  formulations  for  use  as  high 
energy  fuels  in  rocket  or  similar  type  engines.  For  exam¬ 
ple,  solutions  of  bis(animonio)decaborane  in  hydrazine 
3a  are  used  as  monopropellant  compositions  in  rocket  en¬ 
gines  and  provide  advantageous  impulse  characteristics. 


The  reaction  proceeds  in  this  manner  whenever  the 
reactants  are  contacted  in  the  presence  of  the  ether  at 
ordinary  ambient  temperatures,  i.e.,  about  25  to  30°  C. 
Thus,  elevated  temperatures  are  not  necessary,  although 
moderate  heating  can  be -used  if  desired. 

The  reaction  appears  to  commence  as  soon  as  the  re¬ 
actants  arc  mixed  at  a  temperature  approximating  room 
temperature;  that  is,  there  is  no  known  induction  period 
prior  to  the  start  of  the  reaction.  However,  the  rate  of 
the  reaction  is  relatively  slow,  so  that  vigorous  agitation, 
so  as  to  insure  adequate  mixing,  and  reaction  periods  of 
several  hours  have  been  used  in  order  to  achieve  good 
yields. 

A  lower  alkyl  ether  is  used  as  a  reaction  medium  and 
is  believed  to  cause  the  readier,  to  take  place  as  indicated 
above.  Ethyl  ether  is  the  most  common  lower  alkyl  ether 
and  is  generally  used  in  carrying  out  my  method,  but 
other  such  ethers,  c.g.,  propyl  ether,  can  also  be  used. 

The  molar  ratio  of  the  reactants  used  does  not  appear 
to  be  critical,  in  that  some  bis(ammonio)decaboranc  is 
obtained  even  when  relatively  low  ratios  of  ammonia  to 
decaborane  are  used.  However,  yields  of  the  desired 
product  are  low  in  such  cases  and  it  is  preferred  to  use 
a  ratio  of  at  least  about  1.5  mols  of  ammonia  for  each 
mol  of  decaborane. 

The  following  examples,  which  are  to  be  considered 
as  illustrative  only,  will  serve  to  further  demonstrate 
the  method  and  practice  of  my  invention  in  several  of 
its  embodiments. 

Example  1. — A  round-bottomed  dask  v.as  charged  with 
4.9  grams  of  purified  decaborane,  and  25  mil¬ 

liliters  of  ethyl  ether.  After  the  flask  had  been  cooled 
and  evacuated,  u.v  we  o  1  ain^d  to  lu.iii  tem¬ 

perature,  0.996  gram  of  ammonia  was  passed  into  the 
solution  over  a  period  of  30  minutes,  and  the  mixture 


According  to  the  provisions  of  the  patent  statutes,  I 
have  explained  the  principle  and  mode  of  practicing  my 
invention,  and  have  described  what  I  nov;  consider  to  be 
110  its  best  embodiments.  However,  I  desire  to  have  it  under¬ 
stood  that  within  the  scope  of  the  appended  claims,  the 
invention  may  be  practiced  otherwise  than  as  specifically 
described. 

I  claim: 

1)3  1.  A  method  of  producing  bis(ammonio)dccaborane, 

(NH3)2BI0Hi2,  which  comprises  reacting  ammonia  with 
decaborane  at  a  leinperature  of  at  least  about  25°  C.  in 
the  presence  of  a  lower  alkyl  ether  in  which  up  to  about 
2  mols  of  ammonia  are  used  for  each  mol  of  decaborane 
fin  and  recovering  the  bis(ammcnio)decaborane  thus  formed. 

2.  A  method  in  accordance  with  claim  1  in  which  from 
about  1.5  to  about  2  mols  of  ammonio  are  used  for  each 
mol  of  decaborane. 

3.  A  method  in  accordance  with  claim  1  in  which  the 
clher  is  ethyl  ether. 

References  died  by  the  Examiner 
UNITED  STATES  PATENTS 
00  2,708,152  5/1955  Schechter _ 23—190 

OTHER  REFERENCES 

Adams,  “Boron,  Metallo-Boron  Compounds  and  Bo- 
ranes,”  1964,  pages  657-658. 

05  Bagley,  “A.S.T.I.A.  Tech.  Abstracts  Bulletin,"  U58-15, 
2529  (Oct.  1,  1958). 

"Dissertation  Abstracts,”  volume  XX,  No.  3,  pages 
8 79-8SO  (September  1959). 

Hurd,  “Chemistry  of  the  Hydrides,”  Au^.  25,  1952,  ??- 
10  74  to  78.  John  Wiley. 

(Other  references  on  following  page) 


r 


Kodama  et  al., 

1007  (1957). 

Schcchter,  ‘‘Boron  Hydrides  and  Related  Compounds," 
pp.  26,  27 ,  Second  Edition,  May  1954,  Gallery  Chemical  6 


4 

Toeniskoelter,  “Some  Reactions  of  Decaborane  With 
Electrons  and  Electron  Pair  Donors,”  a  thesis  presented 
to  the  tacu.tv  of  the  St.  Louis  University  in  partial  ful- 
fil'ment  of  the  requirements  for  the  degree  of  Doctor  of 
Philosophy,  1958,  pages  83,  84,  136. 


3,264,071 


OTHER  REFERENCES 

'J.  Am.  Chem.  Soe.,"  vol.  79,  page 


Shore,  “Dissertation  Abstracts,”  vol.  18,  page  1242 
(April  1958). 

Sinclair  et  al.,  “U.S.  Gov’t  Research  Reports,"  vol.  27, 
No.  6,  page  307  (June  14,  1957). 

“Hi'tfciics  of  Bor  .  a  and  PlUm,"  s4,  c.5, 
123-127,  Cornell  University  Press  (1933). 


UauAK  R.  VERTIZ,  Primary  Examiner. 


10 


WILLIAM  ViTLES.  ROGER  L.  CAMPBELL,  MAURICE 
A.  BRINDISI,  Examiners. 

C  D  QUAUffl  TH,  \  D,  MORTIS,  M.  WESSMAN, 

A  s si  slant  Examiners. 


3,265,737 

Patented  August  9,  1966 


United  States  Patent  Office 


3.265,737 

llOHON  AMI  MS  AM)  PROCESS  FOR 
lOKMAHON  THEREOF 

Norman  K.  Miller,  Vermillion,  S.  l)ak.,  assignor  (o  K.  I. 

do  I'mit  tie  Nemours  ami  Company,  Wilmington,  Del., 

a  corporation  of  Delaware 

No  Drawing.  I  ileil  Nov.  3,  1964,  Ser.  No.  408,690 
26  Claims.  (Cl.  260—583) 

’I  his  application  relates  lo  processes  for  preparing  boron 
compounds  anil  lo  nciv  products  obtained  thereby,  and 
is  a  continuation-in-part  of  my  prior  copending  applica¬ 
tions  Serial  No.  183,677,  filed  March  29,  1962,  and 
Serial  No.  99.015,  tiled  March  28,  1961,  which  is  the 
parent  application  of  said  Serial  No.  183,677,  said  ap¬ 
plications  now  abandoned,  it  also  relates  to  a  process 
for  preparing  polyhydrododccaborates  and  to  a  new  class 
of  poly  hulrododocahorates. 

Cpmponr.Js  of  boron  and  hydrogen  have  achieved 
technical  impotlance  in  recent  years.  The  growing  in¬ 
terest  in  these  compositions  has  stimulated  an  intensive 
study  of  processes  for  obtaining  a  wide  range  of  boron 
compounds,  particularly  compounds  having  a  plurality 
of  boron  and  hydrogen  atoms.  Many  boron  compounds 
that  contain  nitrogen,  e.g.,  the  amine-borane  addition  com¬ 
pounds  and  the  borazoles,  are  hydrolyzed  by  contact  with 
water  or  protonic  solvents.  The  “diammoniate  of  borane," 
referred  lo  as  Il:lia-2NH3  and  as  (BH2-2NH3)BH4,  is 
especially  sensitive  to  traces  of  water  [see,  for  example, 
Nonlhnm  and  Peters.  J.  Am.  Client.  Soc.  8!,  3552 
(I959)|.  The  pyridine  adduct  of  BI3,  i.e.  (C5H5N)2BI3, 
is  decomposed  almost  immediately  by  contact  with  water 
|sce  Muetlcrtics.  J.  Innrg.  Nucl.  Client.  15,  182  (1960)1. 
Compounds  of  this  type  are  lacking  in  the  stability  which 
is  dcsirci^  for  many  industrial  applications. 

A  need  exists  for  boron  compositions  which  possess 
excellent  hydrolytic  stability  and  high  resistance  to  oxi¬ 
dative  decomposition.  The  present  invention  provides 
compounds  containing  boron  and  nitrogen  which  possess 
unusual  and  unexpected  stability. 

It  has  now  been  found  that  polyhedral  polyhydropoly- 
borates,  including  ilodccahydrododccaboratcs(2— ),  i.e., 
BuIIij-3  anions,  and  a  hitherto  unknown  class  of  poly- 
Inilrodixlccaboratcs  which  are  represented  by  the  formula 
( Hl3H i ,N KK'K11 )  — .  are  obtained  by  heating  a  tertiary 
amine-borane  addition  compound  (BH3 — NRIHR11)  with 
a  boron  hydride  of  the  formula  Dbl  l|,  n  where  b  is  2.  5  or 
10  to  a  temperature  at  which  hydrogen  is  released  as  a 
by-product  of  the  reaction,  i.e.,  to  about  at  least  75°  C. 

It  has  also  been  found  that,  ordinarily,  the  cation  as¬ 
sociated  with  tlie  polyhydroilodceaborale  anions  is  (he 
corresponding  substituted  ammonium  cation.  However, 
when  It,  R’,  and  It11  fall  within  certain  limits,  defined 
below.  ti  cation  of  the  formula  (BIU-wCI  I3NRIVRV) f  is 
obtained. 

I’.v  melallielical  cation  exchange  methods,  the  cations 
obtained  with  the  novel  anion,  (B,nHuNRR!Ru)~  can 
be  replaced  with  any  cation  (M).  Thus  one  generic 
lot  inula  of  novel  compounds  of  this  invention  is  repre¬ 
sented  by  the  formula 

MfB^lIiiNRR'R11),, 

In  addilion,  v  novel  anions  can  be  substituted  with 
halogen  ( X  I  by  replacement  of  a  hydrogen  bonded  lo 
boron.  I  bus,  in  the  broadest  sense,  the  compounds  of 
this  invention  can  be  represented  by  the  formula 

M(B13lltl_yXyNRRIRII)n 

In  a  similar  manner  the  hydrogens  bonded  to  the  boron 
of  the  cation  (BH2-i/iCH3NRivRv)  +  can  be  replaced 
vvilli  halogen  or  nuornsiilfnto  (X')  to  form  the  novel 
cation  (llll3  y.X'y.-mCH3NR>VRV)  r. 


By  anion  exchange  methods  the  novel  cation  can  lx 
obtained  ill  conjunction  with  *>ny  gninn  (7)  form  the 
generic  compound  (BH2_y  X'y.  •i;iCH3NRIVRv)I1.Z  where¬ 
in  it'  is  a  positive  whole  number  equal  to  the  valence  of  /. 

5  The  foregoing  formulas  and  symbols  will  be  explained 
in  greater  detail  below. 

DISCUSSION  OF  BH3  NRRIRn  fBbHb+1  PROCESS 

Boron-hydrides  which  are  employed  as  one  reactant  in 
)q  the  process  are  dihorane  (B2HC),  peritaborane  (B5H0)  and 
deenhorane  (B10Hh).  These  boron  hydrides  are  com¬ 
mercially  available  products  and  can  be  used  as  marketed 
without  special  purification.  Because  of  availability  and 
ease  of  reaction,  diborane  is  preferred. 

15  The  terliary  amine-borane  addition  compounds  (also 
called  tertiary  aminc-borincs),  which  are  used  as  the 
second  reactant  in  the  process,  contain  a  characteristic 
group  which  is  t 

20  -N'-ltlli 

The  groups  R,  R1,  Rn,  RIV  and  Rv  in  the  anions  and 
cations  of  this  invention  are  derived  from  the  tertiary 
amine-borane  used.  Thus,  the  tertiary  amine-borane  re- 
25  actants  have  the  following  general  formula 
R 

Ri-.V—  liUi 
R1'/ 

30  wherein  P.lHRt'N  represents  the  tertiary  amine  from 
which  the  borane  addilion  compound  is  derived. 

k  and  R1  in  the  above  foinmlas  are  defined  as  ali- 
phatieally  saturated  (i.e.,  free  of  olefinic  or  acetylenic 
unsaturation)  hydrocarbon  groups. 

3f>  Rtt  is  defined  as  an  aliphaticaily  saturated  hydrocarbon 
group  that  can  contain  at  most  one  diloweralkyianiino 
(preferably  dimethylamino)  group  bonded  to  carbon  at 
least  once  removed  from  the  carbon  bonded  to  nitrogen. 

Each  group  is  joined  to  the  nitrogen  by  singly  bonded 
•|n  carbon,  i.e.,  the  carbon  bonded  to  the  nitrogen  is  a  satu¬ 
rated  aliphatic  carbon. 

Tito  carbon  content  is  not  critical,  but,  solely  because 
of  availability,  each  group  is  preferably  of  at  most  18 
carbons. 

In  addition,  R  and  R1  can  be  joined  to  form  a  ring 
J  with  the  amino  nitrogen.  When  so  joined  R  and  R1  can  be 
alkyleac  of  4-6  carbons,  ethereal  oxygen-interrupted 
alkyleno  oT  4-6  carbons,  or  lower  alkylamino  (preferably 
met  by  l.im  ino ) -interrupted  alky  lene  of  4-6  carbons. 
fj()  Thus,  classes  of  tertiary  amines  from  which  the  adducts 
are  derived,  and  consequently  the  NRR’R11  moieties  in 
Ihe  final  products  include  trialkylamines,  trieydoalkyl- 
amines,  dialky Inuinocyeloaikyl aminos,  di.ilky  Intone. tral- 
kylamines,  monoalkx  Ulicycloalky  l.tmincs.  and  hetero- 
g-  cyclic  amines,  exemplified  by  N-alky  lopoly  methy  lenimines, 
N-alkyhnorpholines.  and  N.N’-vlialkylpipcrn/ines. 

Thus,  R  and  R*  individually  can  be  alkyl,  cycloakyl  or 
aralkyl:  while  Ru  can  Iv  alkyl,  cycloalky  1.  aralkyl,  di- 
lovveralky lamino-substiimcd  alkyl,  and  the  like,  l’refcr- 
ably  R.  R1,  and  R11  ate  each  all.y  1  of  tip  lo  S  carbon  atoms. 

R  and  R1  joined  together  can  tv.  for  example,  the 
pcnlamethylene  group  of  an  N-alky Ipiperidinc,  the 
oxyiliethylcno  group  of  an  N-alkylmoipholino.  the 
N-alkyliminodiethylcne  group  of  an  N.N'-dialkylpipcra- 
,.r  zinc,  or  the  tetramethylene  group  of  an  N-alk  y  I  pyrrol  i- 
dine. 

As  previously  slated,  when  R,  R1.  and  R11  are  certain 
groups  the  (BH2-/»CH3NRIVRV)+  cation  is  forniej. 
These  groups  are  necessarily  small  due  to  stcric  hinderance. 
Thus,  R  becomes  — CH3;  R1  becomes  RIV  which  is  de¬ 
fined  as  alkyl  of  up  to  four  carbons:  and  U11  becomes 
Rv  which  is  defined  as  alkyl  of  up  to  four  carbons  which 


Ivan  at  hum  one  ilimcthvlnmino  groun  bonded  to  carbon 
at  feast  once  reunited  from  the  carbon  bonded  to  nitrogen. 
KIV  and  Rv  joined  toaether  represent  a  divalent  radical 
of  the  formula  — C! I I=CI I2QCHaCI I3 —  where  Q  is 
— t-  H. —  or  — Nft'Ilj) — .  RIV  and  Rv  are  further  limited 
in  that  tlie  carbon  bonded  to  the  tertiary  nitrogen  is 
bonded  to  at  most  one  other  carbon  atom,  m  is  a  posi¬ 
tive  whole  number  equal  to  2  divided  by  tire  number  of 
nitrogen  atoms  in  the  CUjNRivRv  moiety.  Preferably 
Klv  and  Rv  are  niethvl  groups. 

Specific  illustrations  of  tertiary  amines  which  form 
the  RR'R"N  group  are  trimethylaminc,  melhyldiethyl- 
amine,  Iribtilv  l.imine,  tri(2-clhylhexyl)amine,  trioctadccyl- 
aminc.  trnyclohcxylaminc,  methyldicyclohcxylaniinc, 
but>idioct>l.uninc,  butyldicyclohcxylaniinc,  N-buty!mor- 
pholine,  N-dodec>lnu>rpholine,  N-cthylpiperidinc,  di¬ 
me!  hy I isopropj I y amine,  dimethyl  (/J-phenylethyl famine, 
and  the  like. 

As  shown  above,  the  tertiary  nitrogen  compounds  which 


In  this  step,  no  volatile  by-products  arc  obtai  '.cd  The  re¬ 
action  is  solely  addition  to  form  a  neutral  and  non-ionic 
product.  This  reactant  is  then  heated  to  an  elevated  tem¬ 
perature  (at  least  75°  C.)  with  a  boron  hydride  which 
5  can  be  diborane  (the  same  boron  hydride  used  lor  pre¬ 
paring  the  adduct),  pcntaboranc  or  decaborane.  By  em¬ 
ploying  diborane  as  the  boron  hydride  in  both  steps,  the 
tertiary  amine  and  diborane  can  be  reacted  and  heated 
to  an  elevated  temperature  in  one  operation  to  yield  the 
10  polyhydrododecaborate  salts,  i.e.,  the  amine  and  a  part 
of  the  diborar.c  are  employed  as  precursors  to  form  the 
addition  compound  in  situ.  A  gaseous  by-product  is  hy¬ 
drogen  and,  as  stated  earlier,  the  formation  of  by-product 
hydrogen  is  a  characteristic  feature  of  the  reaction.  The 
15  quantity  of  hydrogen  which  is  formed  can  be  used  as  an 
approximate  measure  of  the  completeness  of  the  reaction. 

It  is  essential  in  the  operation  of  the  process  to  heat 
the  reaction  mixture  to  a  minimum  effective  temperature 
to  bring  about  the  desired  formation  of  the  polyhydro¬ 


can  be  empknod  to  form  the  aminc-borane  adduct  re-  20  dodecaboralc  salts,  which  occurs  with  rapid  hydrogen 
actant  arc  r.ot  limited  to  monobasic  compounds.  Com-  evolution.  The  minimum  effective  temperature  is  about 

rounJj  hiving  two  tertiary  basic  nitrogen  atoms  are  op-  75°  C„  for  example,  with  triethylamine-boranc  and  di- 

erahle  e.c.,  N.N,N',N'-teiramelhyl-l,2-diaminocthane,  boranc.  but  this  temperature  will,  of  course,  vary  some- 

N.N.N'.N’.-teraclln  1-1,3,  -  diaminopropane,  N.N.N’.N'-  what  with  pressure  and  with  the  reactivity  of  the  partic- 


tctramclhyl-l.fi-diaminohcxane.  N.N’  -  diethylpiperazinc.  25  ular  tertiary  aminc-borane  and  boron  hydride  reactants 
These  compounds  arc  included  within  the  definition  of  the  which  are  used.  As  is  to  be  expected,  an  increase  in  tem- 
HHj  NRR'R"  reactant,  it  being  understood  that  addition  perature  leads  to  a  more  rapid  rate  of  reaction.  The 
compounds  derived  from  these  amines  will  have  a  BII3  process  is  operable  at  temperatures  up  to  400°  C.  or  even 
bonded  to  each  tertiary  nitrogen.  higher.  Excessively  high  temperatures  of  operation  pro- 

Tbc  radicals  attached  to  tertiary  nitrogen  are,  there-  30  \ije  no  advantage  and  may  lead  to  undesirable  side  re- 
fore.  monovalent  radicals  and  divalent  radicals,  in  that  the  actions.  Temperatures  which  lie  between  about  100°  and 
divalent  radicals  act  as  a  bridge  between  two  tertiary  300°  C.  are  preferred.  An  especially  preferred  tempera- 
nitrogens  or  may  form  a  ring  with  one  tertiary  nitrogen.  ture  range  is  between  about  100°  and  250°  C.  Heating 
Where  two  divalent  radicals  form  bridges  between  two  0f  ihe  reactants  may  be  accomplished  by  any  suitable 
tertiary  nitrogens,  a  rings  is  formed  having  two  annular  35  nlcarfs.  The  temperature  may  be  raised  by  a  stepwise 
nitrogen  atoms,  c.g.,  piperazine.  The  divalent  radicals  procedure  or  the  desired  temperature  may  be  reached  by 
may  be  interrupted  hy  an  oxygen,  whereupon  a  ring  such  a  one-step  procedure. 

as  niorpholjnc  is  formed.  Pressure  is  not  a  critical  fa.ctor  in  the  operation  of  the 

„  P«°n  of  t,lc  novel  anions  with  the  process,  i.c„  the  process  is  operable  at  subatmospheric, 


(Ittlj H|NRlMtvl‘  cation,  it  js  seen  that  the  tertiary  40  atmospheric  and  supcratmospheric  pressures.  It  is 


aminc-borane  reactant  used  will  have  the  formula 

HH,'CIIjNR,vRv. 

Tertiary  aminc-borane  addition  compounds  are  a  known 
class  of  products  obtained  by  the  direct  reaction  of  a  ter- 


vanlagcous  to  maintain  the  reactants  in  intimate  contact 
with  each  other  during  the  process  and,  for  this  reason, 
the  process  can  he  conducted  profitably  under  superat- 
mospheric  pressures  when  a  volatile  boron  hydride,  such 


nary  amine  with  diborane  at  relatively  low  temperatures.  43  as  diborane,  is  employed  as  one  reactant.  Thus,  pressures 
These  addition  compounds  can  be  prepared  and  isolated  up  to  500  atmospheres  (absolute)  or  even  hiehcr  are  op- 

for  subsequent  use  in  the  reaction  with  a  boron  hydride.  erable.  Generally,  for  convenience  of  operation,  a  pres- 

rrer-'ration  of  repiesentative  aminc-borane  adducts,  surc  0f  at  least  5  atmospheres  is  employed  with  volatile 

c.g.,  (Clfjj)jN  IlHj,  is  described  by  Wiberg  et  al.,  Zcit.  boron  hydrides,  c.g..  diborane,  and  tertiary  amines  to 

Anorg.  U.  Allgem,  Chom.  256,  285  306  (1948).  The  60  maintain  good  contact  between  the  reactants  and  thereby 
compound  can  be  prepared  m  situ  in  the  reaction  chamber  ob.ain  good  yields  of  the  polvhydrodcdecaborales.  Ac- 

and  need  not  be  purified  or  isolated  In  this  mode  of  clIrate  contro!  of  pressure  is 'not  necessary  and,  in  the 

operation  the  add, lion  compound,  without  purification,  as  event  a  closed  reaction  vessel  is  employed,  the  autogenous 

rcuclcd  at  the  desired  temperature  with  a  further  quantity  pressure  obtained  in  the  heating  step  is  conveniently  used. 

nf  <linnr:in*»  fir  with  n  nmr»Tv»nt  nnrnn  hv/irirf**  i  »  rmnin.  • 


compound  can  be  prepared  in  situ  in  the  reaction  chamber 
and  need  not  be  purified  or  isolated.  In  this  mode  of 
operation  the  addition  compound,  without  purification,  is 
reacted  at  the  desired  temperature  with  a  further  quantity 


|*| _ _  .  ..  .,1  . ■  ,T  ,  ,  ,  .  .  '  1 - - -  ~~*M***~v.  n.w  111.U11115  oiv  j  to  kuuvcmtnuy  uscu. 

of  diborane  or  with  a  different  boron  hydride,  i.e.,  penta-  65  Pressures  above  atmospheric  can  be  obtained  by  any  suit- 

nnnnr  nr  < wvnhnrnnt*  <  •  .  .  .  .  .  J J 


borane  or  decaborane. 

W'ith  diborane  as  the  boron  hydride,  the  process  is 
advantageously  operated  by  supplying  diborane  continu¬ 
ously  or  in  sufficient  quantity  to  the  tertiary  amine  at  an 


able  means.  T  be  boron  hydride  can  be  used  in  excess, 
if  desired,  or  it  can  be  mixed  with  inert  gases  such  as 
nitrogen,  argon,  helium,  and  the  like. 

The  mole  ratio  in  which  the  reactants  arc  used  is  not 


t  ....  .  .  .r  .1  inuic  i.iuu  in  wmen  me  reactants  arc  used  is  not 

elevated  temperature  to  r°nii  the  dodccahydrododeca-  00  critical.  Preferably,  the  ratio  of  moles  of  boron  hy- 
boratc  in  one  step.  This  method  of  operation  falls  with, n  dridc/moles  tertiary  aminc-borane  adduct  is  at  least  1. 


the  scope  of  tile  present  invention  and  it  is,  in  fact,  a 
preferred  procedure  in  view  of  the  availability  of  diborane 
and  tertiary  amines  and  the  ease  with  which  it  can  be 
performed. 

The  mechanism  of  the  reaction  is  not  clearly  under¬ 
stood.  Initially,  to  obtain  the  tertiary  aminc-borane  ad¬ 
duct.  diborane  and  the  tertiary  amine  arc  mixed  at  a  con¬ 
venient  temperature,  generally  not  over  35°  C.,  and  at 
atmospheric  or  subatmospheric  pressure.  If  desired,  tem¬ 
peratures  as  low  as  —80°  C.  or  lower  can  he  employed. 
This  step,  which  is  preliminary  in  the  process,  may  be 
represented  bf  the  following  <^n->4  u- 

2Kk1R"N-fBiH0-v2RR'RnN— I3H3 


With  diborane  and  a  tertiary  amine  as  reactants,  tlfe  ratio 
of  moles  diborane/molcs  tertiary  amine  is  preferably 
greater  than  1.  To  obtain  high  yields  of  polyhydro- 
05  dodocaborales,  it  is  desirable  although  not  essential  to 
use  the  boron  hydride  in  considerable  excess,  p.  Ticular- 
ly  when  diborane  is  employed  as  the  reactant.  Thus, 
with  diborane,  the  ratio  of  mo'cs  IhHu/moics  tertiary 
amine  can  be  2.  3.  4,  5,  or  even  higher,  rite  use  of  ex¬ 
it)  cess  boron  hydride  permits  maximum  utilization  of  the 
basic  nitrogen  reactant  or  the  tertiary  aminc-borane  ad¬ 
duct.  The  mole  ratio  in  which  the  reactants  arc  present 
M  Ife  Nnrtiw  wn*  tfcrrr.iu,  »„  .,  t.,Tu,t 

by  the  method  which  is  used,  i,c.,  whether  batch,  con- 
70  tinuous  or  a  combination  of  the  two  methods. 


slusjnj  jo  Jaaoiramnno^ 


In  tlio  o|vi;ili.'ii  of  llu’  process,  n  reaclion  vessel  is  used 
whose  inner  sm  lin  es  ;ne  maile  of  corrosion-resistant  ma¬ 
terial,  e.g.,  commercially  available  stainless  steels,  plati¬ 
num.  glass,  ami  the  like,  Conventional  vessels  or  pres¬ 
sure-resistant  vessels  can  he  employed.  The  reaction  is  a 
preferably  conducted  under  substantially  anhydrous  con¬ 
ditions  and  the  vessel  is  generally  Hushed  with  an  inert 
gas  prior  to  charging  with  the  reactants.  It  is  then 
charged  with  the  tertiary  aminc-boranc  adduct,  Option¬ 
ally,  with  diborune  as  the  boron  hydride,  the  vessel  is  jo 
chargcd'with  the  tertiary  amine.  In  the  event  a  pressure 
vessel  is  employed,  it  can  he  cooled  to  a  low  tempera¬ 
ture,  e.g.,  with  solid  carbon  dioxide-acetone  mixtures, 
liquid  nitrogen,  liquid  helium,  and  the  like,  and  it  is 
optionally  evacuated  to  a  low  pressure  to  facilitate  charg-  15 
mg  wuh  a  volatile  boron  hydride.  CooTm*,  and  na¬ 
tion  are  not  essential  steps,  however.  The  desired  quan¬ 
tity  of  boron  hydride  is  charged  into  the  vessel,  following 
which  it  is  closed.  Vessel  anu  contents  are  tnen  neated 
to  the  desired  temperature  with  agitation.  20 

To  conduct  the  process  at  atmospheric  pressure,  the  re¬ 
action  vessel  can  be  fitted  (1)  with  a  gas  inlet  tube  to  lead 
the  volatile  boron  hydride  below  the  surface  of  the 
tertiary  aniine-borane  adduct,  (2)  with  a  reflux  condenser 
to  return  boiling  liquids  to  the  reaction  chamber,  and  (3)  25 
a  cold  trap  (cooled  to  —80°  C.  or  lower)  joined  to  the 
reflux  condenser  to  collect  volatile  products  which  are 
formed  during  the  reaction. 

With  a  boron  hydride  of  low  volatility,  e.g.,  deca- 
borane,  the  tertiary  aniine-borane  adduct  and  the  boron 
hydride  are  simply  mixed  and  heated  to  reaction  tempera¬ 
ture,  i.e.,  until  rapid  release  of  hydrogen  occurs  with  for¬ 
mation  of  the  desired  products. 

The  procedures  described-  above  can  be  modified  or 
changed  as  required  by  convenience  or  circumstances.  It 
is  not  essential  to  conduct  the  reaction  in  any  particular 
sequence  of  steps  or  by  any  specific  procedure. 

Mixing  of  the  reactants  during  the  operation  of'the 
prowsr  sJisfrisWS  'iCd  MMnftM  Uliuiif 

-fi.t.1.  — .annn  «  O  Kl»  mPfll  fiTlt. 


be  separated  and  purified  by  conventional  procedures, 
e.g.,  filtration,  crystallization,  solution  chromatography, 
and  the  like.  The  products  should  be  handled  with  the 
customary  precautions  observed  in  handling  chemical 
compounds  to  prevent  undue  contact  with  the  skin  or 
inhalatinn  of  fine  powdcis. 

PRODUCTS  CONTAINING  THE 
(UiolIirNRR'R11)— ANION 

As  previously  slated,  the  initial  products  will  be  of  two 
types,  viz, 

(1)  RR'R»NHB,2H„NRR'Rn 
or 

(2)  [BHj'«iCH3NRtvRV]  [Bi2HuNCH3RivRv] 

These  constitute  the  preferred  products  of  the  invention. 

lSy  iiH.uilm.uiuI  uiuuit  bXbiiiiii^b,  «t  vviuw  of  Jit  HO 

can  be  obtained  from  them.  Thus,  compounds  contain¬ 
ing  the  novel  anion  have  the  formula 

MfBjjHuNRR'Ri1)/! 

where  M  is  a  cation,  n  is  a  positive  whole  number  whose 
value  is  equal  to  the  valence  of  M,  and  R,  R1  and  R11  arc 
as  previously  defined. 

In  the  formula  immedialely  above,  the  term  “cation” 
has  rcfeienec  to  an  atom  or  group  of  atoms  which  in 
aqueous  solution  forms  a  positively  charged  ion. 
Examples  of  suitable  cations  include  hydrogen  (H+),  hy- 
droniiim  (H.|0'),  a  metal,  ammonium  (NH.,+  ),  hyJra- 
zonium  (NII2 — NH3> ),  N-substiluted  ammonium,  N-sub- 
stiluled  hydrazonium,  metal-amine  complexes, 

BH2-2N(CH3)3+ 

and  the  like. 

Metal  cations  in  the  compounds  can  be  derived  gen¬ 
erally  from  any  metal.  The  metals  according  to  tire 
Periodic  Tabic  in  Dcming's  “General  Chemistry,”  5th  ed„ 
chapter  II,  John  Wiley  &  Sons,  Inc.,  and  in  Lange’s 
“Handbook  of  Chemistry,”  9th  ed.,  pp.  56-57,  Handbook 
Publishers,  Inc.  (1956),  are  the  elements  of  Groups  I,  II, 
VI  Li  11 W1  W-Jl  V-B,  VU  VM,l  anil  >he  elements  of 
Groups  III— A,  1V-A,  V-A,  and  Vl-A  which  have  atomic 
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In  the  operation  of  the  process,  a  reaction  vessel  is  used 
whose  inner  surfaces  are  made  of  corrosion-resistant  ma¬ 
terial,  e.g.,  commercially  ns.iilnble  stainless  steels,  plati¬ 
num,  glass,  and  the  like.  C  onventional  vessels  or  pres¬ 
sure-resistant  vessels  can  he  employed.  The  reaction  is  5 
preferably  conducted  under  substantially  anhydrous  con¬ 
ditions  and  the  vessel  is  generally  Hushed  with  an  inert 
gas  prior  to  charging  with  the  reactants.  It  is  then 
charged  with  the  tertiary  amine-horane  adduct.  Option¬ 
ally,  with  dihorane  as  the  boron  hydride,  the  vessel  is  jo 
charged  with  the  tertiary  amine.  In  the  event  a  pressure 
vessel  is  employed,  it  can  be  cooled  to  a  low  tempera¬ 
ture,  e.g.,  with  solid  carbon  dioxide-acetone  mixtures, 
liquid  nitrogen,  liquid  helium,  3rd  tlve  like,  and  it  ic 
optionally  evacuated  to  a  low  pressure  to  facilitate  charg-  15 
ing  with  a  volatile  boron  hydride.  Cooling  and  evacua¬ 
tion  are  not  essential  steps,  however.  The  desired  quan¬ 
tity  of  boron  hydride  is  charged  into  the  vessel,  following 
which  it  is  closed.  Vessel  and  contents  are  then  heated 
to  the  desired  temperature  with  agitation.  20 

To  conduct  the  process  at  atmospheric  pressure,  the  re¬ 
action  vessel  can  be  fitted  (1)  with  a  gas  inlet  tube  to  lead 
the  volatile  boron  hydride  below  the  surface  of  the 
tertiary  amine-borane  adduct,  (2)  with  a  reflux  condenser 
to  return  boiling  liquids  to  the  reaction  chamber,  and  (3)  2u 
a  cold  trap  (cooled  to  —80°  C.  or  lower)  joined  to  the 
reflux  condenser  to  collect  volatile  products  which  are 
formed  during  the  reaction. 

With  a  boron  hydride  of  low  volatility,  e.g.,  deca- 
borane,  the  tertiary  amine-borane  adduct  and  the  boron  “ 
hydride  are  simply  mixed  and  heated  to  reaction  tempera¬ 
ture,  i.e.,  until  rapid  release  of  hydrogen  occurs  with  for¬ 
mation  of  the  desired  products. 

The  procedures  described  above  can  be  modified  or 
changed  as  required  by  convenience  or  circumstances.  It 
is  not  essential  to  conduct  the  reaction  in  any  particular 
sequence  of  steps  or  by  any  specific  procedure. 

Mixing  of  the  rcactants-during  the  operation  of  the 
process  is  desirable  although  not  essential.  Mixing  can 
be  accomplished  by  any  suitable  means,  e.g.,  by  mechani¬ 
cal  stirring,  shaking,  or  tumbling  of  the  entire  reactor. 

The  time  of  the  reaction  is  not  critical.  In  a  batch 
process,  the  time  will  generally  lie  between  about  1  hour 
and  about  50  hours.  In  general,  a  reaction  time  of  5 
hours  to  25  hours  is  sufficient  for  a  batch  operation.  For  ^ 
a  continuous  process,  much  shorter  reaction  times  can  be 
used  and  unrcacted  components  can  be  recirculated  for 
further  exposure  in  the  reaction  zone. 

In  an  optional  method  of  operation  of  the  process,  the 
reaction  between  the  boron  hydride  and  the  tertiary  amine-  50 
borane  adduct  is  conducted  in  the  presence  of  an  inert 
solvent,  i.e.,  a  liquid  which  is  not  decomposed  under  the 
conditions  of  the  reaction  by  the  components  of  the 
process  or  by  the  products  which  arc  obtained.  In  many 
cases  the  adduct  is  a  liquid  at  the  temperature  of  the 
reaction  and  it  can  serve  botli  as  a  solvent  and  reactant. 

The  use  of  a  solvent  is  not  essential  for  operability  and 
its  use  is  based  solely  on  convenience  of  operation. 
Solvents,  in  the  event  they  are  employed,  are  preferably 
liquids  at  the  operating  temperatures  and  they  arc  in  00 
most  cases  liquids  at  prevailing  atmospheric  temperature. 
Hydrocarbons  are  particularly  useful  as  solvents,  e.g., 
n-hexane,  cyclohexane,  benzene,  toluene,  and  the  like. 

In  working  up  the  reaction  products,  the  volatile  by¬ 
products  are  generally  removed  by  passing  them  into  a  05 
trap  cooled  to  a  very  low  temperature  (e.g.,  liquid  nitro¬ 
gen  temperature).  Hydrogen,  as  stated  earlier,  is  a  by¬ 
product  and  it  is  removed  with  any  other  volatile  prod- 
.,sia  which  iii.iy  pu-Xctif.  SuiTtdiL  prCmul.Ofta  xhufihl 
be  observed  in  venting  picssuie-rcaction  vessels  in  view  of  t'J 
possible  flammability  or  toxic  hazards  of  the  volatile 
inhalation  of  fine  powders. 

The  reaction  products,  remaining  after  removal  of 
volatile  products,  are  generally  liquids  or  solids.  The 
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be  separated  and  purified  by  conventional  procedures, 
e.g.,  filtration,  crystallization,  solution  chromatography, 
and  the  like.'  The  products  should  be  handled  with  the 
customary  pieeaiitions  observed  in  handling  chemical 
compounds  to  prevent  undue  contact  with  the  skin  or 
inhalation  of  line  powders. 

PRODUCTS  CONTAINING  Till: 
(lll2ll,1NRR'R1I)--ANION 

As  previously  stated,  the  initial  products  will  be  of  two 
types,  viz, 

(1)  RRIR”NHB|2HnNRRIRn 
or 

(2)  [nH,mCH3NR‘'-,RVj|Bi:,ii1|NCll3RlvRV] 

These  constitute  the  preferred  products  of  the  invention. 

By  mctathelical  cation  exchange,  a  wide  range  of  salts 
can  be  obtained  from  them.  Thus,  compounds  contain¬ 
ing  the  novel  anion  have  the  formula 

M  ( BijHnN  R  R*Rn )  n 

where  M  is  a  cation,  n  is  a  positive  whole  number  whose 
value  is  equal  to  the  valence  of  M,  and  R,  R1  and  Rn  arc 
as  previously  defined. 

In  the  formula  immediately  above,  the  term  “cation” 
has  refeience  to  an  atom  or  group  of  atoms  which  in 
aqueous  solution  forms  a  positively  charged  ion. 
Examples  of  suitable  cations  include  hydrogen  (H+),  hy- 
dronium  (H30+),  a  metal,  ammonium  (NH4+),  hydra- 
zonium  (NTH — NHj1),  N-substiluied  ammonium,  N-sub- 
stituted  hydrazoniunt,  metal-amine  complexes, 

BHj-2N  (CH3)3+ 

and  the  like. 

Metal  cations  in  the  compounds  can  be  derived  gen¬ 
erally  from  any  metal.  The  metals  according  to  the 
Periodic  Table  in  Dcming’s  “General  Chemistry,”  5th  ed., 
chapter  II,  John  Wiley  &  Sons,  Inc.,  and  in  Lange's 
"Handbook  of  Chemistry,”  9th  ed.,  pp.  56-57,  Handbook 
Publishers,  Inc.  (1956),  are  the  elements  of  Groups  I,  II, 
VIH,  HI— U,  1V-B,  V-B,  VI- B,  VII-B  and  the  elements  of 
Groups  I II— A,  IV-A,  V-A,  and  VI-A  which  have  atomic 
numbers  above  5,  14,  33  and  52,  respectively.  These 
metals  include  both  light  and  heavy  metals.  The  light 
metals  are  also  known  as  the  alkali  metals  and  the  alkaline 
earth  metals.  The  heavy  metals  include  brittle,  ductile 
and  low-melting  metals  as  described  in  the  above-men¬ 
tioned  Periodic  Tabic  in  Lange's  "Handbook  of  Chem¬ 
istry." 

Preferred  metal  cations  are  derived  from  the  elements 
of  Groups  I-A,  1 1— A,  I-B  and  1I-B  having  an  atomic  num¬ 
ber  up  to  and  including  80.  . 

Most  preferred  metals  for  use  are  the  light  metals  (the 
alkali  and  alkaline  earth  metals  of  Groups  I-A  and  II-A) 
having  an  atomic  number  less  than  87,  i.e.,  lithium, 
sodium,  potassium,  rubidium,  cesium,  beryllium,  mag¬ 
nesium.  calcium,  strontium,  and  barium. 

Examples  of  N-sulistituted  ammonium  radicals  include 
those  having  tile  formulas  RniNH3+,  RIII2NHI'=, 
R,lr3NH R’II4N+,  and  the  like,  wherein  Rnl  represents 
an  organic  group  bonded  to  nitrogen.  The  Rm  groups 
arc  not  critical  features  of  these  cation  groups;  thus,  R111 
can  be  an  open-chain,  closed-chain,  saturated  or  unsatu- 
raled  hydrocarbon  or  substituted  hydrocarbon  group,  or 
R  be  a  heterocyclic  ring  of  which  the  nitrogen  atom  is  a 
component  part,  such  as  pyridine,  quinoline,  morpholine, 
hexamcthylcniminc,  and  the  like.  Preferably,  Rm,  for 
reasons  of  availability  of  reactants,  contains  not  more 
than  18  carbon  atoms.  RIlr  can  be,  for  example,  methyl, 
2-ethylhexyI,  ocladocyl,  allyl,  cyclohexyl,  cyclohexcnyl, 
fjHrtfl.4,  ejMviiMylp:  e.y,  dipbc  vylyl, 

leniyE  cUufCAHhyk  ti-cy.itioamyl,  j9=hydfe*yethyf,  p- 
hydroxyphcnyl,  and  the  like. 

Examples  of  N-substituted  hydrazonium  radicals  in¬ 
clude  those  having  the  formulas  (RII1NHNH3)+, 
(RIlr2N — NII])+,  and  the  like,  wherein  Rm  has  the  same 
significance  as  indicated  in  the  preceding  (paragraph  To 


pounds. 

’I  he  valence  of  the  cation  M  v.-ill  he  between  I  and  4, 
i.c..  M  can  have  a  valence  of  I.  2.  J,  or  4.  In  mast  eases 
the  valence  of  M  will  be  I  or  2  and  this  (troop  of  com¬ 
pound-,  in  uhuli  the  valence  of  M  is  at  most  2  are  readily 
pirn  ir.il'k  ,c  d  so  lot  in  a  f  tcteitoj  guxtp  of  LompiHinvts 
in  this  invention. 

A  fcw’npical  examples  of  the  new  class  of  compounds 
Vliar  1  Jw-Hly  it-  Its-  fif'W.'s.  el  ptnjib.g  :K*  Iminzy 
amine- horanc  adducts  are 


(Cl  I,)  jNHIII2II,,N’(CH  I  >s, 
(C,!l17)jNII».jllitNH-«llt-)j. 
(rl,iiJS)1Nim,;n„N(C,,ii..s)Jl 
(f  VI  I n  ) jSI I  Hi',1 1  nN ( (  Jin  t - ■ 

(cii,) (C’Bn„ ijNi tn.,.i i.|N t(  ii,)tr»ii„)5, 

(istvCillrlaNllHi-ll  ,N (  on  (  -1 1 7 1 1, 

( iso-C  il  Ij)  jNI  lll^ll  i,N(  iso-t'(l  I] )  j, 


(C4H,,)3SOH] 


LiB„M„N(ethyl)„  NnB,2H„N(propyl)3, 
Kll,;M,iN(biityl)3,  Mgt  U ,21 1  ,,N ( octyl ) 3 1  □, 
Ca[BrII„N(cxcli)hex>l)3b,  lla|  UulIuNfdodecyDals, 
lilllijIliiNfelhyDab,  VI »,-all „N ( methyl )3 1 3, 

Mo|  lt,;ll||l  N-methj  ImorphohneJb, 
Mn|ll,:il|i(  N-melhvlpyrrolidine)  |2, 
FeIB12H„N<eih\l)3|3,  C.o|  B12U|iN(isopropyl)3;i2, 
Nil  lt,:|[!1N(2-etliylliexyl)3l2, 

Cu[  BijHuNi  methyl  ;f  cyclohexyl  Ijla, 
AI[B,2H„N(C:II3)3l3.  Pb[B12II„Nffl-phcnylelhyl)3l2) 
Sb[ B, 2Hi,N( ethyl )j h,  NHJfuHnNfbutylJa, 
CH.NHaUnlluNI methyl )2,  C0H3NH3li12H.,N(elhyl)3, 
(C  llnl  .NI-laBjsHiiN ( hexyl )3t 
( C4Hg )  3N  U  ll|2I  i  nN(  ethyl  )3, 
morpholinium  H12II[iN(hc.xyl)3, 
MI3NH3B121  1 1 1 N  f  C  4 1  Ig)-, 

C6H.NH  Nil  :,U  1-jII  1 1 N  ( isopropyl )  3l 

NVItf.flrtl'-rtNItlflJil^ 

(C4I 1 1 )  |l*H,2l  I  i,N  ( isohutyl )3, 
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la 


2x1 


N  -  mcihylmorpholinium  Bi;H;ilN  -  niethylmoipholinc), 
and  the  life. 

The  tertiary  ammonium  salts  can  be  passed  in  aqueous 
or  alcoholic  solution  through  an  acid  ion  exchange  resin 
to  yield  a  solution  of  the  fiee  acid  HII^HuNRR'R11 
where  R,  R1  and  R"  arc  as  previously  defined.  The  acid 
is  comparable  in  strength  to  common  mineral  acids  and 
it  is  most  conveniently  used  in  solution. 

A  broad  ranee  of  salts  are  obtained  by  neutralizing 
aqueous  or  alcoholic  solutions  of  the  acids. 

The  acids  can  be  neutralized  with  alkali  metal  hy¬ 
droxides  (l.iOH,  NaOH,  ROM),  alkaline  earth  metal  hy¬ 
droxides  [Ba(OH)j,  C'atOUfjl,  ammonia,  ammonium 
hydroxide,  melal-ammine  hydroxides,  hydrazine,  sub¬ 
stituted  hydrazines  (phenylhydrazine,  N.N-dimelhylhy- 
drazinc),  sttlfonium  hydroxides  l(Cli3)3SOH, 


30 


35 


phosphonium  hydroxides  [C4H3)(P01I |,  telraalkyl  and 
mixed  tetraaryl  and  alkyl-substituted  ammonium  hy¬ 
droxides  [ (CTIj )4NOH,  {CJIjCTI3)(CH3)3NOH  1 .  The 
compounds  given  in  brackets  arc  illustrative  of  the  class 
of  bases  named. 

The  acid  in  aqueous  or  alcoholic  solution  can  be  agi¬ 
tated  with  inorganic  oxides,  hydroxides  or  carbonates  to 
form  metal  or  metal  oxy  salts  of  the  (BiJlnNRR'R11)- 
anion.  To  illustrate,  the  solution  of  the  acid  can  be  re¬ 
acted  with  NajCOjt  CaCOj,  SrC03,  Zn(Oit)2,  V(OH)3, 
CrtOH  )3,  MntCO'i):,  I'eCOj,  NiCC)3,  Cu(OH)2,  ZnCO-: 
AltOH  )3.  SnfOII  (),  I’hCOj,  (SbO),C03,  (niO)2C03, 
and  the  like  to  obtain  the  corresponding  metal  salts. 

Examples  of  these  new  compounds  arc  as  follows: 


The  above  compounds  arc  made  by  one  or  more  of  I  he 
metaihotical  processes  which  have  been  described  previ¬ 
ously,  i.c.,  neutralization  of  the  acid  with  an  appropriate 
base  which  has  lire  cation  group,  or  reaction  of  the  acid 
with  an  oxide,  hydroxide  or  carbonate  bearing  the  desired 
cation.  Other  types  of  metallic  deal  processes  can  he  em¬ 
ployed  to  prepare  the  compounds  of  the  invention,  e.g., 
reaction  between  salts  to  effect  an  exchange  of  cations.  A 
wiuer-soiubic  sail,  e.g.,  cesium  iluurde,  can  ue  icacicd 
with  a  water-soluble  derivative  bearing  the 

B,2HnNRR!Rn 

anion,  e.g.,  NH4B12HnN(C2H03,  to  form  a  salt  of  lesser 
solubility  in  water,  in  this  case,  CsBl2HnN(2H5)3. 

These  new  compounds  are  generally  white  crystalline 
solids  which  are  stable  under  normal  atmospheric  condi¬ 
tions.  They  can  be  siored  in  conventional  conlainvis 
made,  e.g.,  of  glass  polyethylene,  polystyrene,  and  the 
like,  for  long  periods  without  decomposition.  The  free 
acids  are  generally  hygroscopic  and,  for  this  reason,  they 
are  most  conveniently  handled  in  aqueous  solution. 

The  compounds  show  much  greater  chemical  stability 
than  many  of  the  known  hydrogen-containing  boron  com¬ 
positions.  .The  boron-containing  group  functions  as  a  unit 
in  many  chemical  reactions  and  its  behavior  suggests  that 
the  boron  atoms  arc  joined  to  form  a  boron  cage  or  boron 
sphere  which,  although  entirely  inorganic  in  structure, 
undergoes  electrophilic  substitution  reactions  in  a  manner 
which  resembles  the  behavior  of  cnrbocyclic  aromatic 
compounds,  e.g.,  benzene  and  naphthalene.  Specifically, 
hydrogens  bonded  to  borons  in  the  compounds  containing 
the  novel  anion  arc  replaceable  by  halogen  substiluents 
denoted  by  X  in  the  formula,  in  the  same  manner  that  hy¬ 
drogen  bonded  to  nuclear  carbons  in  benzene  or  naph¬ 
thalene  is  replaced. 

Thus,  the  products  will  have  the  formula 
M(B,:M11_yXy-NRR,RTI)n 

where  X  is  halogen,  y  is  a  cardinal  number  of  from  0 
to  II,  and  the  other  symbols  are  as  previously  defined. 
These  compounds  are  soluble  in  liquids  such  as  methanol 
and  ethanol.  The  halogen  is  substituted  by  reacting  the 
unsubslitiited  anionic  compound  with  the  halogon  (fluo¬ 
rine,  chlorine,  bromine  or  iodine). 

PRODUCTS  CONTAINING  THE  CATION 
(BH2-«iCH3NRivRV)  + 

As  previously  staled,  when  R,  R1  and  Rn  of  the  amine- 
boranc  reactant  fall  within  certain  limits,  the  cation  of  the 
novel  products  will  be  the  (I!H2-mCH,-lNRlvRv)+  cation. 

These  cation-forming  groups  show  remarkable  stability, 
particularly  against  hydrolj  tic  and  oxidative  decomposi¬ 
tion.  This  stability,  which  will  be  illustrated  later,  is  in 
marked  contrast  to  the  case  of  hydrolysis  and  degrada¬ 
tion  of  known  compounds  of  the  type  described  earlier, 
e.g.,  B2H0-2NH3  and  BI3-2C5H5N.  Compounds  of  the 
hitter  type  are  decomposed  by  brief  contact  with  water  or 
with  aqueous  acid  or  alkaline  solutions.  In  contrast,  the 
stability  of  the  compounds  of  the  invention  is  illustrated 
by  the  behavior  of  the  group  [BH3-2N(CH3I3]+.  This 
group  is  not  hydrolyzed  or  degraded  in  boiling  water,  hot 
aqueous  inorganic  bases  or  hot  aqueous  strong  acids.  The 
group  is  not  significantly  decomposed  in  boiling  aqueous 
conccnlraled  nitric  acid  and  it  is  not  degraded  by  hot  solu¬ 
tions  which  contain  oxidizing  or  reducing  agents  in  the 
ionic  form,  e.g.,  AuC14-,  Ag(CN)3~,  BH4~,  or  AgC 
Even  in  the  presence  of  elemental  fluorine,  the  cation  pos¬ 
sesses  sufficient  stability  to  yield  a  compound  in  which  the 
hydrogens  bonded  to  boron  are  replaced  with  fluorine. 

Ihv.  v.uli',,  gl  i  op,  I . Tl  VhTl  .1  .is 
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functions  .is  a  unit  and  ii  p  i-.'i  iiii.lianged  through  tnela- 
lliclic  tea. lions  men  k  u'Iiimis  which  c i n | > h > y  power¬ 
ful  in  iti/irvi  or  tcd'icing  ion  c  r,\. cents  In  view  of  this 
exceptional  -i.il'iliiy,  n  is  pi  s-uhlc  to  ohi.iin  compounds 
containing  this  cation  having  .1  wide  range  of  Z  groups  ns 
nmons. 

l  he  exceptional  -I.il'iliiy  of  the  cation 
(ilUj  /nC  iI,NK!'Rv)’ 

permits  the  Use  of  the  silts  containing  it  ns  icagents  in 
Stli-  tmitiOii  ie.l-1  on  sslietein  mi.  of  holli  hult'oguis 
hon.lej  to  boron  in  the  novel  cition  are  tepliced  with 
halogen  or  ilaorixulf.ito  by  reaction  with  halogen  or 
p.'ioss sulfur1.  I  ihtlitoriile  without  ilcconiposilion  or  deg¬ 
radation  ot  the  koron-ciwilaminr  inoieti.  The  com¬ 
pounds  so  ohtaineJ  can  beat  one  or  two  |ttoiip>,  such  tc- 
pla.einem  groups  which  are  lepivcnlcil  .0  l  iiiis,  the 
general  formula  01  the  novel  .-  iiani  of  this  invctttion  is 

(HU..  ,  .V,  -n.t  T I  .Mb'  R'T  ‘ 

where  \’  is  halogen  or  thioiosiilf  ito.  >  ‘  is  a  cat.liii.il  iintii- 
her  of  from  1  to  m.l  the  s'tb.r  svmhols  ate  as  previ¬ 
ously  ilelinevl. 

A  preterre.l  gronr  of  tetliaix  amines  which  tire  rep¬ 
resented  as  C'H1SRR,VRV  m  the  sviupounds  is  selected 
front  irimetlnhnnre.  cthvl.l  ractln lattmte.  dielhvlmelhyl- 
ar.tne,  N  N.N'.V.tettamel'tt'ethvleiiedi.iiiiaie.  I.N.N.N', 
N'-penlamcthvIlrniietln lenediamme,  N-methj Ipiperidinc, 
and  N  N'-diniethv Iptper.ieire. 

To  complete  the  valence  chtrge  associated  with  the 
novel  e."i>  a  t  nil.  ,  V,  •>'tC  II|NRlvRv)  *,  an  anion  is 
needed.  This  is  provtdeJ  in  the  initial  reaction  Ity  the 
poly  hvJropv’l)  borate  anion 

X 'y •  •  »tC M jN R,VRV ) <• 


i.e.,  its  narrower  form  (  I1.;Mm-CH,NRivRv)-1.  The 


dodecahydrododecaborate  (B12HI3=),  and  the  like. 

A  preferred  group  of  compounds  arc  those  in  which  Z 
contains  a  plurality  of  boron  atoms,  c.g., 

JI10H10-3.  I'ttHu-1,  I*,- H 1  a-3,  and  the  like.  Compounds 
in  which  Z  is  — Off  or  a  halide  form  a  valuable  group 
which  are  easily  obtained  and  they  form  an  especially 
preferred  group.  The  compounds  of  this  especially  pre¬ 
ferred  group  arc  useful  as  intermediates  in  the  prepara¬ 
tion  of  other  species. 

The  novel  cation-containing  compounds  are  stable 
crystalline  solids  which  can  be  stored  for  prolonged 
periods  without  decomposition.  They  are  stored  in  con¬ 
tainers  conventionally  used  for  common  chemicals,  e.g.,  in 
containers  of  glass,  metal,  polystyrene,  polyftetralhioro- 
ethylcne) resin,  and  the  like.  Provision  for  exclusion  of 
air  and  moisture  is  not  essential  although  customary  pre¬ 
cautions  against  contamination  with  adventitious  ma¬ 
terial  arc  desirable. 

The  color  ol  the  compounds  is  determined  to  some 
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anion,  denoted  by  Z,  can  be  any  element  or  group  of  de¬ 
ments  which  can  farm  a  negative  ion,  i.e.,  an  anion,  jn 
aqueous  solution.  The  group  can  be  monovalent,  divalent, 
Irivalent,  quadrivalent,  or  higher;  it  can  be  organic  or 
inorganic  in  character.  To  illustrate,  Z  groups,  expressed 
as  ions,  can  be  fluoride,  chloride,  bromide;  iodide,  hy¬ 
droxide,  nitrate,  nitrite,  sulfate,  chlorate  (CI03-)  phos¬ 
phate  (PO,-3),  monohydrogen  phosphate  (HPO;=),  dihy¬ 
drogen  phosphate  (H:PO,-),  carbonate  (C03=),  bicar¬ 
bonate  (IICC)]-),  sullide  ( S  - ) ,  chromate  (CrO.;=),  ace¬ 
tate,  triehloroacctate,  trilluoroacclale,  butyrate,  acrylate, 
methacrylate,  crotonate,  dodeennoate,  stearate,  cyclo- 
hexanoate,  benzoate.  Initiate,  naphthoale,  napbthenate, 
benzenesulfonate  (C6Hjb03-),  fluorobcnzoate,  chloro- 
benzoalc,  ben/enephosphonate  (C6H-,PO;l”),  benzenear- 
sonatc  (CjlIjAyOj’’),  anthranilate,  picolinatc,  glycinatc 
|CH;(NM2)CO,-|,  i-aminocaproatc  |  NH2(CH3)5C03-]. 
Ictrahydroborate  (1111, deeahydrodecaborale 

(UioH,0=) 
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extent  by  the  elements  which  are  present,  especially  in  the 
anion  Z.  The  color  of  the  compounds  is  most  frequently 
white  with  occasional  colored  products,  e.g.,  yellow  or 
red. 

A  particularly  valuable  property  of  the  compounds  of 
the  invention  is  the  unusual  range  of  solubilities  which 
are  obtained  by  change  in  the  group  Z.  In  view  of  these 
unexpected  solubility  ehaiatleiislics,  it  is  possible  to  pre¬ 
pare  solutions  containing,  c.g.,  the  cation  group 

HU  .  j.X’y  2N(Cllj)s  1 

in  liquids  which  range  from  water  to  halohydroearbons. 

Compounds  in  which  /.  is  one  of  the  more  common 
unions  rue  generally  very  water-soluble  anil  they  form 
solutions  which  conduct  an  clediie  ciuicnt.  To  illustrate, 
the  halides  (llttotide.  ehlotide,  bromide  and  iodide),  sul- 
lale.  nitrate,  phosphate,  eliminate,  chlorate,  carbonate, 
and  the  like,  dissolve  readily  in  waler  and  they  possess 
limited  solubility  in  other  protonic  solvents,  such  as  alco¬ 
hols. 

Compounds  of  the  invention  in  which  Z  is  a  relatively 
large  anion  arc  generaly  sparingly  soluble  in  water  but 
they  dissolve  to  a  surprising  extent  in  organic  solvents, 
particularly  in  nitriles  and  halohydroearbons.  To  illus¬ 
trate,  compounds  in  which  Z  is  B12H13=,  AuCI,-,  PFa-. 
and  the  like  are  soluble  in  methylene  dichioride,  chloro¬ 
form,  and  acetonitrile.  These  compounds  are  also  solu¬ 
ble  in  dimethylformamide,  butyrolactone  and  similar 
types  of  liquids.  Unusual  solubility  charcteristics  are  not 
necessarily  limited  to  compounds  in  which  Z  is  a  large 
anion,  e.g.,  I  BH2_j,  X'y.-2N(CH3)3]2S04  is  soluble  in 
methylene  chloride  as  well  as  in  water. 

As  previously  stated,  the  cation-containing  compounds 
are.  obtained  in  the  initial  reaction  when  the  tertiiy-y  amine 


employed  is  of  a  small  size  stcrically. 

An  alternate  preparation  for  some  specific  cation-con¬ 
taining  compounds  is  as  follows; 

Two  reactants  are  employed,  (a)  a  tertiary  amine  which 
is  trimethylamine;  N,N,N,'N'  -  tctramcthylclhylcnedi- 
nmine;  I,N,N,N',N'-pentamcthyllrimelhyIencdiamine,  or 
N,N'-dimcthy!piperazine,  and  (b)  a  boron  compound  of 
the  formula 


( BHj'2S(CH3)2]jBiaH13 


45  or 


[BHa-2S(CH3)2]  [B12HU'S(CH3)2] 


The  tertiary  amines  employed  as  reactants  are  readily 
available  compounds.  In  most  cases,  they  can  be  em¬ 
ployed  ns  obtained  commercially  without  especial  purifica¬ 
tion. 

The  boron  reactant  has  not  been  described  in  the  litera¬ 
ture.  It  is  readily  prepared  by  reaction  of  dimethyl  sul- 
ftde-bornne,  i.e.,  (CH3)2S — BH3,  with  B2H6,  B5HS  or 
BioHh,  employing  process  conditions  are  described  above 
for  the  reaction  of  a  tertiary  amine  with  boron  hydrides. 
Products  obtained  front  the  (CH3)2S— BH3  reaction  in¬ 
clude  compounds  of  the  formulas 


(10 


[BH3-2S(CH3)212B12H12 


and 


[BH2-2S(CH3)2]B12H11-5(CHJ)2 


These  compounds  can  be  used  directly  as  reactants. 

This  process  is  conducted  in  a  simple  manner.  The 
tertiary  amine  and  boron  reactant,  e.g., 


[BH3'2S(CH3)3]B12H„'S(CH3)3 

arc  mixed  at  a  temperature  below  the  boiling  point  of  the 
amine  and  the  mixture  is  agitated  by  any  suitable  means 
until  the  dimethyl  sulfide  in  the  cation  is  displaced  by  the 

ti'l'tinru  nminp  Iivl  ciilfirln  Jo  nm.lilu  - - 1  _ _ 


tertiary  amine.  Dimethyl  sulfide  is  readily  removed  from 
the  reliction  mixture  by  volatilization. 

The  reaction  can  if  desired,  be  conducted  in  an  inert 

liquid  medium  In  -permit  iu'.'juai,  m,  I  fcrt  iff  -r*Trr,-tn 
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ncnls.  A  solvent  is  advantageously  employed  when  both 
reactants  arc  solids.  Classes  of  satisfactory  solvents  are 
aromatic  hydrocarbons,  halohydrocarbons,  ethers,  and 
nitriles,  c.g.,  benzene,  toluene,  carbon  tetrachloride,  chlo¬ 
roform,  diethyl  ether,  anisole,  acetonitrile,  and  the  like. 

To  place  X'  groups  on  the  (BII2-mCH3NRIVRv) f 
cation,  halogens  (fluorine,  chlorine,  bromine,  or  iodine) 
or  peroxydisutfuryl  dihalides  arc  employed.  The  reac¬ 
tion  is  conducted  in  conventional  vessels  with  corrosion- 
resistant  inner  surfaces,  e.g„  glass,  platinum,  pclyflctra- 
fluorocthylcnc)  resin,  and  the  ilke.  'I  he  boron-contain¬ 
ing  reactant  and,  optionally,  a  liquid  solvent  which  is 
inert  toward  the  reactants,  is  charged  into  the  reaction 
vessel.  The  X'  producing  reagent  is  then  supplied  to  the 
reaction  vessel  at  a  temperature  anil  at  a  rate  which  will 
provide  a  controllable  reaction  and  which  will  bring  the 
reaction  to  completion  within  the  reasonable  time. 

The  temperature  at  which  the  reaction  is  conducted 
will  be  determined  largely  by  the  reactivity  of  the  X' 
producing  reagent.  In  general,  the  temperature  will  be 
between  about  —  20  and  2(10°  C.  Preferably,  the  tem¬ 
perature  will  be  between  about  (1°  and  150°  C. 

The  time  of  reaction  in  a  batch  process  will  also  depend 
to  a  considerable  extent  on  the  reactivity  of  the  reagent. 
The  reaction  generally  proceeds  rapidly  and,  with  thor¬ 
ough  mixing  of  the  reactants,  the  time  may  be  as  low  as 
5  minutes  or  even  less.  Generally  a  reaction  time  be¬ 
tween  about  10  minutes  and  5  hours  is  sufficient.  It  is 
desirable  and  advantageous  to  mix  the  reactants  by  any 
suitable  means  although  mixing  is  not  essential  for  opera¬ 
bility. 

The  reaction  can  be  conducted  under  pressure,  if  de¬ 
sired,  but  it  is  not  essential  to  use  pressure.  In  most  cases 
the  reaction  proceeds  satisfactorily  at  atmospheric  pres¬ 
sure. 

The  proportions  in  which  the  reactants  are  used  are  not 
critical.  It  is  preferable,  in  order  to  obtain  maximum 
yield  of  desired  product,  to  use  at  least  one  mole  of  re¬ 
agent  for  each  hydrogen  which  is  to  be  replaced  on  the 
boron-containing  reactant.  It  is  not  essential,  however, 
that  these  ratios  be  used. 

The  compounds  arc  purified  by  well  known  and  rec¬ 
ognized  procedures.  For  stable  products,  conventional 
crystallization  procedures  are  used,  employing  water  or 
inorganic  solvents,  c.g.,  alcohol,  benzene,  and  the  like. 
Solutions  of  products  can  be  treated  with  absorptive 
agents,  c.g.,  activated  carbon  or  silica  gel,  to  absorb  the 
major  portion  of  the  impurities. 

In  the  process  described  above,  one  or  both  hydrogens 
on  the  boron  in  the  novel  cation-containing  compounds 
can  be  replaced.  The  groups  which  replace  the  hydro¬ 
gens  can  be  alike  or  dilTcrent.  To  illustrate,  the  boron- 
containing  reactant  can  be  reacted  with  one  of  the  re¬ 
agents,  c.g.,  chlorine,  to  replace  one  hydiogen,  and  the 
resulting  product  can  be  reacted  with  a  second  icagrnl, 
c.g.,  bromine  or  peroxysulfuiyl  Ihiorirle,  to  replace  the 
second  hydrogen. 

The  novel  cation-containing  umip'umds  wlienin  /. 
covers  a  wide  range  ol  anions  are  obtained  by  simple 
mctalhctic  reactions  employing  the  substituted  boron- 
containing  cations.  To  illustrate, 

(HIl3-y'X'y.-«iCll3NR>VR'V)3|i12l|l3 

or 

(Hll2.y.X’>.-/MCII3Nll'VKV)u1:.II)I-CIl,NRIVRV 

is  dissolved  in  water  or  aqueous  alcohol  and  the  solution 
is  contacted  with  a  strong  base  or  a  strongly  basic  ion- 
cxchangc  resin  to  obtain  a  compound  wherein  Z  is  OH, 
In  an  alternative  mode  of  operation,  the  solution  of 
lioron-conlaining  stilt  is  contacted  with  a  chloride  ion- 
exchange  resin  and  the  effluent  is  reacted  with  silver  oxide. 

Compounds  of  the  formula 

Ml,  r.XV'»CIIaNRtvRvOU 
arc  very  strong  oases  anu  tncy  can  uc  neutralized  wun 
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acids  or  salts  to  obtain  compounds  of  the  invention  hav¬ 
ing  a  wide  range  of  Z  groups.  Organic  as  well  as  in¬ 
organic  acids  or  their  anhydrides  can  be  employed.  For 
example,  the  hydroxide  salt  plus  phthalic  anhjdridc  yields 
5  the  phthalate  sail;  with  glycine,  the  glycinate  salt  is  ob¬ 
tained;  with  citric  acid,  the  salt  formed  is  the  citrate  salt; 
with  bcnzcncsullonic  acid,  the  salt  is  bcnzenesulfonale; 
with  bcnzcncphosph.onic  acid,  the  benzenephosphonalo 
salt  is  obtained;  with  bcnzcnephospliinic  acid,  the  salt  is 
jo  benzenephosphinale;  with  perchloric  acid,  the  perchlorate 
salt  is  formed;  with  pytcsulfuric  acid,  the  salt  is  pyro- 
sulfatc;  and- with  selenic  acid,  the  salt  formed  is  the 
selenale.  I  licse  examples  are  not  limiting  but  serve  to 
illustrate  the  wide  scope  of  operable  mctalhctic  reactions. 
15  Titc  compounds  of  the  invention  and  their  preparation 
are  illustrated  more  fully  in  the  following  examples. 

Example  l 

A.  A  pressure  vessel  of  corrosion-resistant  steel  (capac- 
20  ity,  100  ml.)  is  charged  with  1.6  g.  of  trimethylaminc- 
borano  adduct,  closed  and  evacuated  to  a  low  pressure 
(less  than  1  mm.  of  mercury).  The  vessel  is  then 
charged  with  1.79  g.  of  diboranc  (B,I  Io)  and  sealed.  The 
reaction  mixture  is  heated  under  autogenous  pressure 
25  for  10  hours  at  125°  C.  with  agitation.  The  vessel  is 
cooled  and  volatile  products  are  removed  by  venting. 
These  products  are  found  to  contain  hydrogen  (0.118 
mole)  and  very  small  amounts  of  B^Hi,  and  unreacted 
Bdlj.  A  white  crystalline  solid  (2.6  g.)  remains  in  the 
30  reaction  vessel.  The  solid  is  extracted  with  boiling  water, 
leaving  0.8  g.  of  insoluble  white  material  which  is  called 
Fraction  A  and  which  is  discussed  in  a  subsequent  para¬ 
graph.  (lie  hot  aqueous  extract  is  cooled  slowly  and 
0.9  g.  of  a  white  solid  (Fraction  X)  i*  obtained  initially 
35  which  is  separated  by  filtration.  The  filtrate  is  concen¬ 
trated  hy  evaporation  of  the  solvent  and  there  is  obtained 
0.3  3.  of  bis(trimetln!ammonium)  dodeoah)  drododcca- 
boralc(2— ),  i.c.,  |(cTij);NH. IcB.dli;. 

The  identity  of  the  compound  is  confirmed  by  its  infra- 
40  red  absorption  spectrum. 

The  solid  product,  previously  referred  to  as  Fraction 
X,  is  obtained  in  larger  amount  in  repeat  tuns  of  the 
process.  The  fraction  is  sep.u.tled  into  two  homogeneous 
fractious  and  in. v. mediate  mixtures  by  fractional  eryslal- 
**5  | j/.at i, m  from  water.  I  he  least  soluble  traction  is  rc- 
fetrid  to  as  1  Taction  B  and  the  most  soluble  fraction  as 
Fraction  (.*.  These  ftaeiious  ate  new  compositions  of 
limiter  1  imt.iiinn:',  Ivuvn  and  nitrogen.  They  are  char- 
uelrii/vt.'  chemical!)  and  by  ultra  red  absorption  spectra 
59  j|,  ||„.  ft .13 iw  1 p;  pat agi  apl.s.  The  infrared  absorption 
sped  1  a  ate  obtained  on  Nttjo!  mulls  of  the  compositions 
amt  the  eliaiacldislie  bands  are  expressed  as  cin.-1  units. 
'!  he  bauds  ate  cxclusixe  of  llto-c  common  with  Nttjol. 

I  imiii’/i  ,1.  -A  portion  of  this  fraction  is  crystallized 
r,;’  |*i 0111  nidhylctte  chloride  petroleum  ether  solution  to 
yield  a  while  solid  which  is  soluble  in  acetone  and  liquid 
sulfur  dioxide,  'lbs  product  in  acetone  solution  reduces 
the  silver  ion.  Characteristic  bands  in  the  infrared  nb- 
snipiinn  spectrum  of  the  product  are  as  follows:  2500, 
,!0  strong,  sharp;  2130,  very  weak,  sharp;  1-190,  medium, 
shnip*  1-120,  MOO,  very  weak,  slurp;  1260,  weak,  shat p: 
I  Mb,  weak,  sharp;  1130,  lilt),  very  weak,  slurp:  1090, 
medium,  sharp;  1050,  medium,  slutp;  995,  medium, 
sharp;  9S5,  medium,  sharp;  8S5,  medium,  slurp;  and  725, 
*f’  weak,  broad. 

The  nuclear  U11  magnetic  resonance  speed  tint  of  the 
product  consists  of  a  syumieli  ieal  doublet  and  the  In  n 
value  is  I20c.p.s.  'Flic  chemical  composition  ot  l  e  pil'd- 
net  is  UisIImChNj  aiul  it  contains  the  anion 

IbdlnNtC'll,).,- 

/Uuilvxis. — C'alc'd  Tor  15,  ,1 1 , ,C'.,N;, ;  C,  30.30;  II.  12.40; 
11,45.60;  N,  11.79.  Found:  C,  29.91;  II.  12.2.1;  11,44:31. 
N,  11.46. 

■  ’  A  mtxiurc  ot  g.  ot  i  t;  traction  A  product  and 
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10  ml.  of  aqueous  30%  potassium  hydroxide  is  charred 
into  a  reaction  vessel  wh'ch  is  equipped  with  a  reflux  con¬ 
denser.  Volatile  matcri  1  is  collected  in  a  trap,  cooled 
with  liquid  nitrogen,  which  is  joined  to  the  rellux  con¬ 
denser.  The  mixture,  which  is  a  slurry,  is  heated  to  re-  5 
fluxing  temperature  for  1-2  hours.  White  needles  of  un- 
reactcd  trimethylamine-borane  collect  on  the  cool  inner 
surface  of  the  condenser  and  a  small  quantity  of  tri- 
melhylamine  is  collected  in  the  trap.  The  slurry  changes 
appearance  and  substantially  all  of  the  solid  dissolves  J(, 
during  the  refluxing  operation.  The  solution  is  filtered 
while  hot  and,  on  cooling,  130  mg.  of  white,  rod-shaped 
crystals  separate.  The  crystals  are  separated  by  filtra¬ 
tion  and  they  arc  dissolved  in  water.  An  aqueous  solution 
of  trimethylsulfonium  iodide  is  added  to  the  above  solu-  j£ 
tion  and  white  crystals  of  trimethylsulfonium  trimethyl- 
amincundecahydrododccaboratef  1  — )  precipitate.  The 
crystals  arc  separated  by  filtration  and  they  arc  recrys¬ 
tallized  from  water  to  give  lOOmg.  of  trimcthylsulfoni- 

um  trimethylamineundecahydrododecaboratef  1  — ).  The 

identity  of  the  compound  is  confirmed  by  its  infrared  ab¬ 
sorption  spectrum  and  by  elemental  analysis.  Char¬ 
acteristic  absorption  bands  (expressed  as  cm.-1)  in  the 
infrared  spectrum  of  a  Nujol  mull  of  the  compound  arc 
ns  follows:  2480,  very  strong,  sharp;  1480,  medium,  2 
sharp-  1320,  weak,  sharp;  1230,  weak,  broad;  1050, 
strong,  sharp;  980,  with  shoulder;  990,  medium,  sharp; 
885,  medium,  sharp;  and  725,  medium,  broad. 

Analysis. — Calc’d  for  (CH3)3SHi2HuN(C1I3)3.  B, 
46.84;  S,  11.57;  N,  5.05;  C,  26.00;  H,  10.54.  bound:  13,  3 
45.19;  S,  11.62;  N,  5.00;  C,  25.96;  H,  10.32. 

Fraction  D.— Elemental  analyses  and  the  infrared  ab¬ 
sorption  spectrum  show  that  this  white  crystalline  frac¬ 
tion  is  a  compound  of  the  formula 

[BH2-2N(CH3)3lB12HuN(CH3)3 

The  infrared  absorption  spectrum  is  as  follows:  2450, 
strong,  sharp;  1480,  medium,  sharp;  1 100,  medium, 
sharp,  sharp;  1230,  medium,  sharp;  1190,  medium,  sharp: 
1110,  medium,  sharp;  1100,  weak,  sharp;  1040,  medium,  ■) 
sharp;  995,  medium,  sharp;  975,  medium,  sharp;  880, 
medium,  sharp;  840,  medium,  sharp;  740,  weak,  sharp; 
720,  medium,  broad. 

Analysis. — Calc'd  for  Bj3C9H.ioN3:  C,  3_.65;  H,  3--'  ■ 
N,  12.69;  B,  42.48.  Found:  C,  32.74;  H,  12.13;  N,  1-74;  . 
B,  42.46;  C,  32.54;  H,  12.48;  N,  12.47. 

;  radian  C.— This  fraction  is  a  compound  of  the  for¬ 
mula  [(CH3)3NH1[B„HUN(CH3)31  wherein  the  cation- 
forming  group  and  the  anion-forming  group  are  shown 
in  brackets  solely  for  the  sake  of  clarity.  The  infrared  , 
absorption  spectrum  of  this  compound  shows  the  follow¬ 
ing  characteristic  bands:  3100,  medium,  sharp,  2480, 
strong,  sharp;  1500,  weak,  sharp;  1400,  weak,  sharp,  1230, 
medium,  sharp;  1190,  weak,  sharp;  1120,  weak,  sharp; 
1040,  medium,  sharp;  980,  medium,  sharp;  880,  medium, 
sharp;  810,  very  weak,  broad;  725,  weak,  broad. 

An  aqueous  solution  containing  1.1  g.  of  the  above 
compound,  i.e.,  (CH3)3NHB12HnN(CH3)3,  is  passed 

through  a  column  filled  with  a  strong  acid  ion-exchange 
resin  (a  cross-linked  polyslyrenesulfonic  acid)  to  yield 
an  aqueous  solution  of  the  acid,  HBi2H„N(CII3)j,  or 
expressed  in  the  hydronium  form,  (HjO)H,2HiiNfC  Huh- 
Titration  of  the  aqueous  solution  with  0.1  N  NaOH  solu¬ 
tion  forms  the  sodium  salt,  NuBi2HiiN(CII3)2,  and  the 
titration  indicates  an  equivalent  weight  value  for  the 
trimcthylammonium  salt  of  250  (calculated  value,  260). 
The  pKa  value  for  the  acid  is  about  2,  i.e.,  it  behaves  ns 
a  strong  acid.  Evaporation  of  the  aqueous  solution  of 
the  acid  under  very  low  pressure  (generally  less  than  1.0 
mm.  of  mercury)  yields  the  acid  as  a  crystalline,  hygro¬ 
scopic  white  solid. 

B.  A  presure  vessel  of  corrosion-resistant  steel 
(capacity,  400  ml.)  is  charged  as  described  in  Part  A 
wftti  21  6-  -T  tri.iiidl.jfitii.i-.  I  rtitra  tfcMW*  nod  I”*  e 
of  diborene.  The  reaction  mixture  is  heated  under  autog¬ 


enous  pressure  with  agitation  for  10  hours  at  175  C. 
The  reaction  vessel  is  cooled  and  volatile  products  arc 
removed  by  venting  for  1  hour  under  reduced  pressure. 
The  whte  solid  (28.1  g.)  which  remains  in  the  reac¬ 
tion  vessel  is  removed  and  it  is  boiled  for  about  5  min¬ 
utes  with  50  ml.  of  water.  An  insoluble  portion  is  sep¬ 
arated  by  filtration  to  obtain  9.0  g.  of  the  com¬ 
pound  llI;!B-2N(CH3)3llB1?.HllN(CH3)3l,  previously 
described  in  Part  A  under  the  paragraph  “Fraction  B. 

The  filtrate  from  the  above  separation  is  cooled  and 
.a  crystalline  product  precipitates  which  is  separated  by 
filtration -4o  yield  9.0  g.  of  the  compound 
[H2B-2N(CH3)312B12H12 

The  identity  of  the  compound  is  confirmed  by  its  in¬ 
frared  absorption  spectrum  and  by  comparison  with  a 
second  sample  of  the  compound  whose  elemental  analy¬ 
sis  is  a  s  follows. 

Analysis. — Calcd.  for  |H2R-2N(CH3)2)2B12H12:  B. 
37.5;  C.  35.7;  H,  12.95;  N,  13.82.  Found.  B,  37.0;  C, 

'  35.7;  H,  13.0;  N,  13.8. 

C.  Using  the  procedure  described  in  Part  B,  above, 
a  mixture  of  7.4  g.  of  trimethylamine-borane  and  7.0 
a  of  diborane  is  heated  for  10  hours  at  125°  C.  with  agi- 
.  tation.  There  is  obtained  9.6  g.  of  a  white  chunky  solid 
'  which  is  agitated  with  methylene  dichloride.  The  mix¬ 
ture  is  filtered  to  separate  5.3  g.  of  a  gray  insoluble 
solid.  The  yellow  filtrate  is  evaporated  to  yield  4-5  g. 
of  a  yellow  solid  designated  as  Fraction  A. 
i  Fraction  A  is  again  dissolved  in  methylene  dichloridc 
and  the  solution  is  filtered  to  remove  a  small  quantity  of 
insoluble  material.  The  filtrate  is  diluted  with  petroleum 
ether  and  the  yellow  precipitate  which  forms  is  sepa¬ 
rated  by  filtration.  The  solid  is  extracted  with  hot 
r.  water  to  yield  a  water-soluble  component.  Evaporation 
of  the  aqueous  extract  yields  1  (CH3)3NH ]2B|2H12  which 
is  identified  by  its  infrared  absorption  spectrum.  The 
substantially  insoluble  or,  at  best,  very  sparingly  soluble 
product  is  [H2B-2N(CH3)3]2B12H12,  which  is  charac- 
o  terized  as  described  in  Part  B. 

Example  U 

A  pressure  vessel  of  corrosion-resistant  steel  (125  ml. 
capacity)  is  charged  with  3.23  g.  of  triethylamine-borane 
-  adduct  [(C,H5)3N-BH3),  closed  and  evacuated  to  a  low 
pressure  (less  than  1  mm.  Hg).  Sufficient  diborane 
(B^He)  is  charged  into  the  vessel  to  provide  an  absolute 
pressure  of  approximately  6  atmospheres  (73  p.s.i.  gauge 
pressure)  at  50°  C.  The  reaction  mixture  is  maintained 
,n  at  this  pressure  and  temperature  for  1.5  hours  and  at 
the  end  of  this  lime,  no  increase  in  pressure  is  noted, 
i.e.,  no  hydrogen  is  formed  under  these  conditions. 
The  temperature  is  increased  to  75°  C.  and  a  pressure 
increase,  resulting  from  reaction  and  formation  of  by- 
-.r.  product  hydrogen,  is  noted.  The  reaction  mixture  is 
maintained  at  75°  C.  and  an  absolute  pressure  of  about 
6.2  atmospheres  (78  p.s.i.  gauge)  for  3  hours  and  it  is 
then  heated  to  10(1°  C.  for  2  hours.  The  vessel  is  cooled 
and  unrcactcd  diborane  is  removed  by  venting  the  vessel 
B0  and  passing  the  volatile  products  through  a  trap  cooled 
to  about  —196°  C.  There  remains  in  the  reaction  ves¬ 
sel  3.61  g.  of  a  solid  residue.  The  solid  residue  is  crystal¬ 
lized  twice  from  an  ethanol-water  mixture  to  obtain 
0  325  g  of  bis(tiiethylammonium)  dodccahydmdodecu- 
c-.  borate(2— ),  i.e.,  L(C2H5)3NH12B12H12.  The  identity 
of  the  product,  which  is  a  white  solid,  is  confirmed 
by  its  infrared  absorption  spectrum. 

Example  III 

70  A  pressure  vcscsl  (capacity,  100  ml.)  is  chaigcd  a- 
described  in  Example  I  with  6.0  ml  ot  triethylammo- 
borune  addition  compound  [(C2M3)3N — BH3|  and  _./■ 
g.  oi  pentaborane  (B5H8).  The  mixture  is  heated  with 
it  125°  C.  tor  10  hours.  The  vessel  is  cooled 
7f>  and  volatile  products  are  removed  by  venting  anu  .Uey 
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arc  collected  in  a  eo’.,I  cylinder.  Thcie  is  obltiined  in  the 
u'l.niio  p.oilttet-.  IU04  mole  of  hydrogen  and  a  smell 
,j;  amitv  i>i  condensable  material  which  is  not  charnc- 

uri'v' ' non-volatile  ie»idtie  in  the  reaction  '.esse!  consists  S 
o!-  r,  s  a:  of  .1  r-.le  yellow  -olid.  The  prcdaci  is  washed 
\>  Vu  c.hvhr  -c  «-.|  :t  the"  n-tf.sHi-ed  •ram  hot 
w.rer  to  :ortn  e.  of  rurc  bistuiethy b.mmonium) 
oodee.dndrod/Jee.'.'or.'.ie.  The  identity  of  the  com- 
ri —  1  if  aor.fiintid  bv  its  infrared  absorption  spectrum  ]( 
and  bs  eVm.i't,  1  analysis.  The  yield  of  product  is  SOT . 

.  I taavt/.f. — (.'.tied,  for  ( lC.ll>  l:NHl:Bi:H;;t  C, -M.itlt 
II  t '  M;  it.  y. 73.  Found:  C,  4  IT'.1,  41.76:  H,  12.7i, 
i:.7st  H.  a'.-to. 

La.wkpV  IV  T 

\  A  small  el..-s  \c»el  is  employed  which  is  lined 
wth  -iirrct.  1  thermometer  and  a  reflux  condenser 
whteh  ••  also  connected  to  a  wet  test  meter.  The  vessel 
is  charged  with  5  e.  of  triethilamine-borans  acdition 
compound  ;  <  C : H  t  >*_»«;  1  and  2  g.  of  decaborane  " 
1  it  H-,1  \  \c.!o'  solution  forms  without  gas  evolu- 

•’  ■  V-'1  «i  r  for  sne  hetir. 

r.r.a  t  ml.  are  evolved  o»  measured  by  the  wet 

te'i  meter..  A  '->iew  somewhat  gelatinous,  solid  forms  ^ 
fh.fs  be  eaves'  r:.tt;..lly  crystalline  Jurir.c  the  heating 

р.  rsod.  7  he  :e:aper;.!.trc  is  raised  to  150°  C.  and  a 

xicorn  :s  tearirn  occurs  with  a  sharp  temperature  rise 
I,,'  about  .  .•  tso.mioa  of  about  67#  ml.  cl  szz 
occurs  .n  1.  .*  th..r.  2  minutes.  The  product  in  the  flask 
IS  a  white  solid  v.-uch  is.  flecked  with  yellow.  The  solid 
is  washed  with  diethyl  ether  and  there  remains  5.6  g.  0. 
a  p.aie  udiow  damp  solid.  The  solid  is  crystallized. from 
*, ,  ,  ,-ij  ?■  ■-  [J  w  hite  crystalline  bisftri- 

с. hy iammoniuro.  1  dodecaiiydrocodecabcrate.  The  idsn-  ; 
litv  of  ibe  compound  is  confirmed  by  its  infrared  absorp¬ 
tion  spce.n.m.  Ti  c  yield  sflptouUA  is  rdrr.Ost  iJC.Tb. 

It  -.  {  as*,  sessei.  coiiiippcd  as  described  in  Ptirt  A.  is 
chateed  yiti» 2f>o  ml.  of  (C;H.)5N— BHS.  Nitrogen  gas 
<  -asscsl  .riits  'he  scs'ct  nn~  the  liriiid  i..  T1.U0..  10  oth  . 
:  ;s*  0.  A  'o'ut'on  of  2‘<  g.  of  K.din  in  100  ml.  of 
H'jH.iIn— Mij  I'  added  to  Ihc  vessel  over  a  period  of 
about'  one  hour  with  vigorous  stirring.  After  addition 
is  eor.pic’c.  the  retcdcr.  mix’tire  is  stirred  15  minutes, 
ni.'iintr.tmr.g  the  temperature  at  1"0-175'-.C.  Hydrogen 
i<  c\  o:\c%i  >*  .r:n.c  tbi?  .-.aniuu  uU\\  t'  Ghitiuti  cf  this  P°" 
decreases  sh..rf Jarir;  the  final  stirring.  A  total  of 
i9  n  liters  of  gas  is  evolved. 

1  nc  rc.  ctinn  mass  is  ..  uu  Cd  a  tw»..  'Pad  tma 
pale  veil ct w  liquid.  It  is  cooled  to  prevailing  air  tem- 
pert.tiirc  « about  2  °  C.)  and  the  solid  is  separated  by 
Mtrutisr,.  The  suiid  is  washed  with  ether  and  dried. 
There  is  obtained  (••'<  g.  0:  hist  trie’.hylammonium)  dodeca- 
livdro.lcsJer.ibnratet  2—  1 1  yield.  87 fr  based  on  T ;  hl ; ,  cm- 
pinyc.l.  'if.:  ibertity  of  the  compound  is  confirmed  by 
it*,  ir.fr.ir*^  ab^orpsion  spectrum. 

Tlic  I’tJ’tT  w.isl’incs  nrc  diiu'.cd  with  petroleum  ether 
end  a  white  solid  (about  1  c.)  precipitates.  The  solid  is 
|  y,  fti.r  n  and  it  is  re;ryst?.llired  from  ethanol 
to' yield  n  white  crystniline  solid  which  is  triethylammoni- 
itm  triaihyliin’ine-itndecahydrododecaboralcf  1  ),  i.c..  a 

enrnpoimd  of  the  formula 

|  (CyijliiNH]'1 1.B|2t1t|N(C»Hr.)a.l7 

whese  the  union  tind  cation  arc  shown  in  hr.ickets.  This 
species  of  a  novel  das*  of  compounds  is  written  more; 
conventionally  as  t0.jW(,):iN Hin  d!  nN'C-.llrH-  The  tdan- 
iiiv  of  tiic  compound  is  confirnted  bv  elemental  analysts. 

y.iui'"iix . — C Slic'd  for  (CjHstuNI 1 1'rH  N (C-ellrdc'.  t-> 
Jl  yte  !!  ifl.2;)',  Ft.  3", 71:  N.  S.1‘1.  Found:  C.  72.(M, 

a  i'.MI;  1!.'  12.17:  rt.  37.06:  N.  K.25.  S.29. 

The  infrared  absorption  spectrum  of  tricthyliimmoTiuim 

tticthylimiuc-iindfcahvdrododecabonitcf  1  — )  in  11  Niiju! 

nml!  k  .-  follows,  exclusive  of  the  hands  coincident  with 
NUj.,1  (expressed m.  cm.-1):  32'JO,  medium,  sharp;  2500, 
strong,  sharp;  l*tsn,  ntedium,  sharp;  1400,  weak,  sharp, 


1360-1380,  weak,  fine  stn  dure;  1180,  very  weak,  sharp, 
1160  weak,  sharp;  1140,  weak  sharp;  1120,  very  weuk, 
sharp:  1080,  very  weak,  slurp;  1060,  medium,  sharp;  1040, 
medium,  sharp;  1020,  very  weak,  sharp;  1010,  very  weak, 
sharp;  985.  weak,  sharp  with  shoulder  at  950;  890,  weak, 
sharp;  850,  weak,  sharp:  835,  medium,  sharp;  800,  weuk, 
sharp;  770,  very  weak,  sharp;  and  745,  we., k,  broad. 

C.  A  pressure  vessel  is  charged  with  2.5  g.  of  i 
and  6  ml.  of  tricthylumine-borane.  The  vessel  is  chilled, 
evacuated  to  a  low  presume  (less  than  1  mm.  of  Hg)  and 
sealed.  The  vessel  and  contents  arc  healed  with  agitation 
at  150°  C.  fo*  12  hours.  The  vessel  is  cooled  and  volatile 
products  are  removed  by  venting.  The  remaining  reac¬ 
tion  mass  is  processed  as  described  in  Parts  A  and  B  to 
obtain  the  products  described  in  Part  A  and  Part  B. 

The  process  described  in  Example  IV,  Parts  A,  B  and 
C,  is  operable  with  other  boron  hydrides.  To  illustrate, 
20  ml.  of  Iriethylamine-borane  adduct  [(C2Hr,)3N — BH3] 
is  charred  into  a  reaction  vessel  and  it  is  heated  under 
1  a  blanket  of  an  inert  gas  (argon)  to  a  temperature  of 
175c  c.  A  s'ow  stream  of  diocrune  is  passed  into  the 
\“Cs»l  below  the  surface  of  the  iriethylamine-borane  ad- 
"J;1  Ike  Te:*ii-«  :  1  ■  A-  '  5r  J||',l!v  to  200°  C. 
for  a  period  d  about  2  hours  with  continued  passage  of 
>  diborarte.  Vigorous  tefluxing  occurs  and  hydrogen  gas 
is  rilcused.  The  reaction  muss  is  worked  up  us  described 
in  Example  IV  to  obtain  products  of  the  type  described 

in  this  example.  .  ■■  .  ... 

Examples  1  through  IV  fllestfaU  the  opMation  cs  tr^ 

)  p-otess  emdovine  as  reactants  a  tertiary  amine-borane  ad¬ 
dition  compound  and  the  boron  hydrides,  diborane,  penta- 
borane  and  decaborane.  This  mode  of  operation  is  gener¬ 
ic  to  tertian'  amine-borane  adducts.  To  illustrate,  the 
L  ..  S  -e  I  with  tri-n-butvlamine-bo- 

a  ra"-  -triiiodecvlamine-borane,  Irioctadecylamine-borane, 
ricvclohe>:>'!amine-bor:tne,  methyldicyclohexylamme-bo- 
rane.  and  the  like,  to  font,  km.  u-rres^Miflir.e  bd'rUuN- 
•diluted  ammonium  )  d ode car.ydrododecaboratesl  -  - )  and 
tri-substitttted  ammonium  tertiary  amine-undecahydrodo- 
iT  decabo-atesd-r). 

Exampk  V 

A.  A  corrosion-resislanl  pressure  vessel  (capacity,  100 
ml. )  is  chrrcsd  with  2.6?  g.  of  triethylamine.  The  charged 
vessel  is  closed,  cooled  to  about  —78"  C.  with  a  carbon 
5  diyvWe-acr'one  mixture  and  connected  io  a  vacuum  pump- 
Pressure  in  the  chilled  vessel  is  reduced  to  less  than  1  mm. 
of  r.tereurv.  The  vessel  is  connected  to  a  source  of  dt- 

-  „  »  uriJ  1  7  e.  of  this  reactant  (B2HC)  is  charged  into 
the  reaction  chamber.  The  ratio,  moles  B2Hc-'moies 

>0  fC-Hjt.N.  is  3.1.  The  vessel  is  sealed  and  healed  to 
lfi5°  C.'for  10  hours  with  agitation  under  aulocencus 
pressure.  The  vessel  is  then  cooled  to  about  -78°  C.. 
and  volatile  reaction  products  are  removed  by  venting 
into  a  trap  cooled  to  about  — 196°  C.  with  liciind  rntro- 
<6  There  is  obtained  about  0.13  mole  of  a  non-con¬ 

densable  cas  which  is  hydrogen.  The  material  condensed 
in  the  trap  is  separated  into  three  fractions  by  passage 
through  traps  coo's,  respectively,  to  —"8°  —  I--'  7'. , 

nnri  _ian'’  C.  Tlie  product  collected  at  —7c  C.  is  -^n,. 
30  (Cl 0034  mote);  in  the  trap  at  - 135°  C.,  less  than  0.0J01 
mole  of  unidentified  product  is  obtained:  in  the  trap  at 

—  196°  C..  0.0032  mole  of  un reacted  B2HC  ts  eoiitwiea. 

non-volatile  vehowish  solid  which  remains  in  the 
reaction  vessel  is  removed  by  washing  with  triethylaminc. 
H3  rite  washings  arc  Hltered  and  the  solid  product  is  dried 
0t  9{r  C.  under  very  low  pressure' (about  0.1m  ol  Hu). 
There  is  obtained  3.27  g.  of  bisftriethyhimmoniuni)  do- 
decahedrododeeaboratei' 2—  I  us  a  nearly  white  powder. 
The  product  is  crystallised  from  an  ethtinobwater  intx- 
7(1  tore  to  vield  crystalline  colorless  prisms.  Successive 
crops  of  crystals  yield  2.51  c.  of  very  pire  product  which 
has  the  composition  |  ( C Tf,  I...NH  I It ; FT >?■  The  identity 
or  the  eontptutnd  is  conlinned  by  its  infrated  absorption 
spectrum. 

75  g  using  the  procedure  described  in  Pact  A,  a  mixture 
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of  2.77  g.  of  tricthylnminc  anil  2.04  g.  of  diborane  is 
heated  at  100*  C.  for  2  hours  with  agitation.  Volatile 
products  of  tlic  reaction  are  separated  and  are  found  to 
contain  0.178  g.  of  hydrogen,  0.24  g.  of  pcntaboranc(9), 
i.e..  H-.H,.  and  0.27  g.  of  imrcactcd  diborane.  The  prod-  t 
net  remaining  in  the  reaction  vessel  is  3.50  g.  of  a  mix¬ 
ture  of  liipiid  and  solid  front  which  1.61  g.  of 

1(C,H3)3NH|2Bi:H12 

a  white  solid,  is  separated  by  filtration.  The  identity  of  j 
this  pioduet  is  confirmed  by  its  infrared  absorption  spec¬ 
trum.  Yield:  38%,  based  on  the  diborane  reactant. 

C.  A  reaction  vessel  is  charged,  as  described  in  Part  A, 
with  2.75  g.  of  (f\.ll3)jN  and  sufficient  diborane  to  pro¬ 
vide  a  pressure  of  6  p.s.i.  gauge  at  100°  C.  The  mixture  I 
is  maintained  under  these  conditions  for  a  short  period, 
after  which  more  diborane  is  charged  into  the  vessel  to 
provide  a  pressure  of  about  20  p.s.i.  gauge,  i.e.,  an  ab¬ 
solute  pressure  of  about  2.3  atmospheres,  at  100°  C. 

1  he  release  of  hydrogen  as  a  by-product  results  in  a  pres-  2 
sure  rise  of  about  3  p.s.i.  gauge  over  a  period  of  5 
hours.  After  this  period  of  time  the  vessel  is  cooled  and 
excess  diborane  is  removed  by  venting.  There  is  ob¬ 
tained  3.25  g.  of  residue  which  is  filtered  to  isolate  0.025  g. 
of  solid  material.  The  solid  product  is  crystallized  from  2, 
ethanol-water  mixtures  to  obtain  [(C2H5)3NIIj2B12Hi2. 

Example  VI 

Using  the  process  as  described  in  Example  V,  Part  A, 
a  mixture  of  1.7  g,  of  diborane  and  7.2  g.  of  tricthylamine  31 
is  luatcd  at  150°  C.  for  10  hours  in  a  pressure  vessel 
under  autogenous  pressure  with  agitation.  The  ratio, 
moles  i!  He/mole*  (C.H5)3N,  is  0.9.  Volatile  products, 
consisting  of  0.0.S05  mole  of  hydrogen,  are  removed  by 
venting  as  described  in  Example  IT.  The  liquid  and  solid  Of 
mixture  in  the  reaction  vessel  is  filtered  to  yield  1.9  g.  of 
white  crystalline  bis(lricthylammonium)dodecahydro- 
dodccaboratcf 2  — ).  The  product  is  crystallized  from 
an  clh.ipol-waler  mixture  and  its  identiy  is  confirmed  by 
its  infrared  absorption  spectrum  and  by  elemental  analysis.  41 

Analysis. — Cnlc’d  for  r(C2H5)3NHl2B,,H,2:  C,  41.61; 

If,  I2.Hl;  N,  K.09;  B,  37.49.  Found:  C,  41.48,  41.20; 

H.  12.87,  12.61;  N,  8.03,  8.02;  B,  37.30,  37.19. 
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vailing  atmospheric  temperature  (about  25°  C.)  are  col¬ 
lected  for  analysis.  There  is  obtained  about  0.26  g.  of 
hydrogen  together  with  boron  hydrides  which  consist  prin¬ 
cipally  of  pentaborane(9>  and  diborane.  The  non-vola¬ 
tile  product  remaining  in  the  reaction  vessel  is  removed 
and  washed  with  dry  diethyl  ether.  The  ether  washings, 
on  evaporation,  yield  1  g,  of  a  yellow  oil  which  is  not 
further  characterized.  The  ether-insoluble  product  is  a 
with  crystalline  solid,  which  is  crystallized  from  water- 
ethanol  to  yield  4.0  g.  of  his(tri-n-butylammonium) 
dodecahydrododccaborate  (2—),  i.e., 

[(C4H9)3NH]2B12Hl2 

yield,  68%.  The  identity  of  the  product  is  confirmed  by 
5  elemental  analysis  and  by  its  infrared  absorption  spectrum. 

Analysis. — Calc’d  for  C24H68N2B,3:  C,  56.01;  H,  13.32: 
B,  25.23;  N,  5.44.  Found:  C,  56.12,  56.03;  N,  13.12, 
13.22;  B,  24.95;  N,  5.66,  5.66. 

The  infrared  spectrum  of  the  compound  in  a  Nujol 
mull  shows  the  following  major  absorption  bands  (ex¬ 
pressed  as  cm.-1  units):  3100,  strong,  sharp;  2500,  strong, 
sharp;  1 140,  weak,  sharp;  1095,  weak,  sharp;  1060,  strong, 
sharp;  1030  shoulder,  weak,  sharp;  975,  weak,  sharp;  950, 
weak,  sharp;  920,  medium,  sharp;  900,  weak,  sharp;  782, 
r>  weak,  sharp;  730,  medium,  sharp;  710-715  doublet, 
medium,  broad;  fine  structure  in  the  regions  1200-2100 
and  700-900.  These  bands  arc  exclusive  of  those  co¬ 
incident  with  bands  due  to  Nujol. 

Example  IX 

Using  the  procedure  described  in  Example  V,  Part  A, 
a  mixture  of  2.4  g.  of  N-metliylmorpholine  and  2.02  g. 
of  diborane  is  heated  for  5  hours  at  125°  C.  under  autog¬ 
enous  pressure.  There  is  obtained  about  0.21  g.  of  hy¬ 
drogen  in  the  volatile  by-products  and  about  2  g.  of  a 
sticky  yellow  solid  as  the  non-volatile  product.  The  non¬ 
volatile  product  is  crude  bis(N-mcthylmorpholiniu.n) 
didecahydrododecaborate(2— ),  which  has  the  following 
structural  formula: 

CIIr-CI!> 

c/  ^NII  Gulin 

cH,-cnf  oh  Je 


Example  VII 

V  arg  the  procedure  described  in  Example  V,  Part  A, 
n  mixture  of  3.945  g.  of  tricthylamine  and  2.2  g.  of  di¬ 
boranc  is  heated  at  175°  C.  for  12  hours  with  agitation 
under  autogenous  pressure.  The  ratio,  moles  B3H8/moles 
(C3IIj)3N,  is  2.0.  There  is  obtained  as  by-products  1.42 
moles  of  hydrogen  and  1-.25  g.  of  (C2H5)3N-BH3.  The 
principal  product,  isolated  and  purified  as  described  in 
Example  V,  is  4.19  g.  of  bis(tricthylammonium)  dodeca- 
li>droilodecaborntc(2  — ).  The  identity  of  the  compound 
is  confirmed  by  its  infrared  absorption  spectrum  and  by  5 3 
elemental  analysis. 

Analysis. — Cal'd  for  ((C3H5)3NH]2B12H!2:  C,  41.61; 

II.  12.81.  B,  37.49,  N,  S.t/y.  Found:  C,  jy.s /,  jy.bb;  JH, 
12.12,  12.08;  B,  37.44,  36.54;  N,  8.15,  8.1 1. 

The  infrared  spectrum  (ir.  a  Nujol  mull)  shows  bands  ,;o 
at  the  following  wavelengths,  exclusive  of  those  coincident 
with  Nujol  (expressed  as  cm.-'  units):  3150,  medium, 
sharp;  2480,  strong,  sharp;  1440,  medium:  muitipict 
centered  around  1370,  weak;  1270,  very  weak,  sharp;  1 155, 
medium,  sharp;  1060,  strong,  sharp;  1015,  stromr,  sharp;  ,;j 
842,  medium,  sharp;  792,  weak;  742,  very  weak; -715, 
medium. 

Example  VIII 

Using  the  procedure  described  in  Example  V,  Part  A, 
a  pressure  vessel  (capacity,  100  ml.)  is  charged  with  4.9  70 
g.  of  freshly  distilled  lri(ii-hiilyl)-aniinc  and  2.11  g.  of  di- 
Imranc.  'I  In:  vessel  and  contents  arc  heated  with  agitation 
to  12V'  C.  and  the  reaction  is  maintained  at  this  tem- 
peiatuic  l"r  6  hours  under  autogenous  pressure.  The 
vessel  is  tooled  and  pioiliicts  which  arc  volatile  at  pie-  <•' 


The  product  is  boiled  with  acidified  water  (acidified  with 
H3SO,  j  to  remove  ?r.y  xicniji*:-"  .rfi'v  gfi’tli  *  Which  might 
be  present  and  the  solution  is  filtered.  A  clear  filtrate  is 
obtained  which  is  an  aqueous  solution  of  bis(N-mclhyl- 
morpholinium)  dodecahydrododecaborate(2— ). 

The  above  salt  is  converted  to  the  tricthylammonium 
salt  by  adding  to  the  solution  an  aqueous  solution  of  tri- 
ethylammonium  chloride.  A  white  precipitate  forms 
which  is  separated  by  filtration  to  yield  0.9  g.  of 

[(C2H5)3NH]2B12H12 

Isolation  of  the  above  salt  shows  that  the  yield  of  bis- 
(N  -  methylmorpholinium)  dodeeahydrododecaboratc- 
(2—)  obtained  in  the  reaction  is  22%. 

Example  X 

Usir.g  the  procedure  described  w,  Example  V,  Part  A, 
a  mixture  of  2.6  g.  of  N-methylpipcridine  and  2.09  g. 
of  diborane  is  heated  for  5  hours  at  125°  C.  under  autog¬ 
enous  pressure.  Volatile  products  are  isolated  and  are 
found  to  contain  about  0.248  g.  of  hydrogen  and  unde¬ 
termined  quantities  of  unrcaelcd  diborane  and  penta- 
boranc(9),  The  non-volatiic  products  consist  of  about  3 
g.  of  a  tacky  while  solid  which  is  impure  bis(N-mctiiyl- 
piperidinium)  dodecahydrododecaboratc(2— ),  i.e.,  a 
compound  of  the  following  structure; 

^(Hlr-ctt, 

(CH|  J^v-uthlillulln 
eir,— ciu  it 

The  white  solid  is  boiled  with  dilute  sulfur k  Usd  lO  tf- 
movc  any  borane-amine  complex.  The  solution  is  filtered 
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and  a  clear  aqueous  solution  of  bis(N-methylpiperidin- 
luin)  dodecahy  dr  odu  Jccubui ale(  2— )  is  obtained. 

An  aqueous  solution  of  triethylammonium  chloride  is 
added  with  stirring  to  the  hot  aqueous  filtrate  obtained 
as  described  in  the  preceding  paragraph.  The  reaction 
mixture  is  cooled  anti  the  white  solid  which  forms  is  sepa¬ 
rated  by  filtration.  There  is  obtained  1.99  g.  of  bisftri- 
cthylammonium)  dodccahydrododecaborate(2— ). 

The  yield  of  bis(N-methylpiperidinium)  dodecahydro- 
dodecaboratc (2— )  obtained  in  the  reaction  is  therefore 
43%. 

Example  XI 


A.  A  mixture  of  20.4  g.  of  ethyldimethylaminc  and 
16  g.  of  diborane  is  heated  in  a  pressure  vessel  under 
autogenous  pressure  for  10  hours  at  175“  C.  The  vessel 
is  cooled  and  vented  under  reduced  pressure  to  release 
volatile  products.  A  gummy  solid  residue  (wt.,  27  g.) 
is  removed  from  the  vessel  and  boiled  with  aqueous 
ethanol  containing  a  small  quantity  of  hydrochloric  acid. 
The  hot  solution  is  filtered  to  remove  a  small  amount  of 
insoluble  maatcrial.  The  filtrate  Is  cooled  and  crystals 
form  which  are  separated  to  obtain  3.9  g.  of 

[HaB^NfCHjl^HslD^Hn-NfCHalAWs 

Analysis. — Calc'd  for  the  above  Bi:H'u  N(CH3)2C;H5 
salt:  C,  38.62:  H,  12.42;  N,  11.26;  B,  37.69.  Found: 
C,  39.12,  39.20;  H,  12.28,  12.57;  N,  11.13,  11.19;  B, 
37.60,  37.80. 

The  infrared  spectrum  of  the  compound  shows  absorp¬ 
tion  bands  at  the  following  wavelengths  (expressed  as 
cm.-1):  2450,  strong,  sharp;  1400,  weak,  sharp;  1200, 
1 170,  medium,  sharp,  shoulders;  1 1 10,  1090,  weak,  sharp; 
1040,  1020,  medium,  sharp;  990  (shoulder),  980,  medium, 
sharp;  925,  weak,  broad;  860,  medium,  sharp;  790,  me¬ 
dium,  sharp;  and  720,  medium,  broad. 

B.  The  mother  liquor  is  concentrated  and  cooled  fur¬ 
ther  to  obtain  2.7  g.  of 
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absorption  at  the  following  wavelengths  (expressed  as 
eta.-1):  25BB,  medium,  sharp;  7380,  weak,  sharp;  Will, 
weak,  sharp;  1390,  weak,  sharp;  1320,  weak,  sharp;  1240, 
medium,  sharp;  1220,  strong,  sharp;  1190-1170  (doublet), 
5  medium,  sharp;  1140,  1120,  1110,  1090,  1070,  weak, 
sharp;  1030,  medium,  sharp;  1000,  medium,  sharp;  840, 
very  sharp,  broad. 

The  nuclear  magnetic  resonance  spectrum  is  deter¬ 
mined  on  [  H2B  •  2N (CH3)  2C2HS] PF0  in  acetonitrile  solu- 
lu  tion.  The  spectrum  is  calibrated  at  14.2  megacycles  rcla- 
tive.to  the  boron  resonance  of  B(OCH3)3,  using  side  band 
technique  [see,  for  example,  J.  T.  Arnold  and  M.  E. 
Packard,  J.  Chcm.  Phys.  19,  1608  (1951)  J.  These  data 
determined  for  the  Bu  isotope  in  the  above  compound 
13  are  as  follows:  Jb_h.  105  c.p.s.  (a  symmetrical  triplet, 
1:2:1);  shift  from  B(OCH3)3,  +17.2  p.p.m. 

Example  XII 

A.  A  mixture  of  25  g.  of  diethylmethylamine  and  16  g. 
20  of  diborane  is  heated  in  a  pressure  vessel  (400  ml. 
capacity)  under  autogenous  pressure  at  175“  C.  for  10 
hours.  The  vessel  is  cooled  and  vented  under  reduced 
pressure  to  remove  volatile  products.  A  white  semi¬ 
solid  mass  (wt.,  34.4  g.)  remains  which  is  washed  from 
23  the  vessel  with  diethyl  ether.  The  ether  is  remr-’d  by 
evaporation  and  the  solid  residue  is  boiled  with  a.:dified 
water.  A  gas  forms  and  is  released  during  this  step  in 
the  process.  The  solution  is  now  made  strongly  basic 
and  boiled  again  to  remove  excess  amine.  An  insoluble 
30  product  remains  which  is  separated  by  filtration  to  obtain 
3,3  g.  of 

[H3B-2NCH3(C3H5)3]Bl:HirNCH3(C2H5)3 

The  product  is  a  white  solid  which  is  purified  by 
33  crystallisation. 

Analysis. — calc'd  for  above  salt:  C,  43.38;  H,  12.62;  B, 
33.87;  N,  10.12.  Found:  C,  44.1;  H.  13.1;  B,  33.85;  N, 
10.12. 


*[H2B-2N(CH3)2C2H5]2B12Hi3 

Further  concentration  and  cooling  yields  an  additional  'l!1 
3.2  g.  of  the  dodccahydrododecaborate(2— )  salt. 
Analysis. — Calc'd  for  the  above  Bl2Hi3“  salt:  C,  41.76; 


B.  A  mixture  of  24.5  g.  of  diethylmethylamine  and  16 
g.  of  diborane  is  heated  under  autogenous  pressure  at 
175“  C.  for  25  hours.  The  reaction  mixture  is  processed 
as  described  in  Part  A  to  obtain  2.3  g.  of 


H.13.14;  N,  12.18;  B,  32.92.  Found:  C,  41.46,  41.23; 

H,  12.94,  12.77;  N,  12.28,  12.13;  B,  32.8. 

The  infrared  spectrum  of  the  compuund  shows  ahsorp-  .|5 
tion  bands  at  the  following  wavelengths  (expressed  as 
cm.-1):  2450  (shoulder),  2350,  strong,  sharp;  2000,  weak, 
sharp;  about  1480,  broad;  1400,  weak,  sharp;  1380,  weak, 
sharp;  1310-1305,  weak,  sharp;  1240,  medium,  sharp: 
1210,  strong,  sharp;  1180,  strong,  sharp;  1105,  medium,  r>o 
sharp;  1090,  weak,  sharp;  1055,  strong,  sharp;  10.10, 
strong,  sharp;  975,  medium,  sharp;  925-905,  weak,  sharp; 
860,  strong,  sharp;  825,  strong,  sharp;  810,  strong,  sharp; 
and  715,  strong,  broad. 

C.  An  aqueous  solution  of 


1 1141  •  2NCHj(C2Hs)3  |  B13Hu-NCH3(C2H5)2 

The  infrared  spectrum  of  the  compound  of  Parts  A 
and  It  show  absorption  at  the  following  wavelengths  (ex¬ 
pressed  as  cm.-1):  2500,  shoulder  at  2350,  strong,  sharp; 
1450  (over  Nujol  band);  1410,  weak,  sharp;  1380,  weak, 
sharp;  1330,  1300,  weak,  sharp;  1220,  1180,  1160,  me¬ 
dium,  sharp;  1 1 10,  weak,  broad;  1090,  1070,  weak,  sharp; 
1040,  strong,  sharp;  1030,  1010,  medium,  sharp;  970,  me¬ 
dium,  sharp;  910,  weak,  broad;  870,  medium,  broad;  850, 
weak,  broad;  820,  medium,  broad;  790,  medium,  broad; 
770,  750,  weak,  broad;  and  720,  medium,  broad. 

C.  A  small  portion  (0.2  g.)  of 


[H2B-2N(CH3)2C2H51B12H11N(CH3)2C..M5 


[H2B-2NCH3(C2H5)2]B1oH11-NCH3(C2H5)2 


is  passed  through  a  column  filled  with  a  commercial  acid 
ion-exchange  resin  of  the  polyarylsulloiiic  acid  type.  '1  he 
cation  lH2ll-2N(CH3)2C2II!i|+,  is  retained  by  the  resin  uo 
in  the  column.  The  aqueous  diluent,  which  contains  the 
anion  [Bl2l!irN(CH3)2C2H5r,  is  set  aside  for  other 
work. 

The  column  containing  the  acid  ion-exchangc  resin  is 
now  washed  with  dilute  aqueous  hydrochloric  acid  sola-  03 
tion.  The  aqueous  effluent  obtained  in  this  step  contains’ 
[H2B-2N(CH3)2C2H5JC1  and  it  is  evaporated  to  a  small 
volume.  An  aqueous  solution  of  NI14PF8  is  added  with 
stirring  to  precipitate  [H2B-2N(CH3)2C2H51PF0,  a  white 
solid  which  is  separated,  washed  and  dried  to  obtain  70 
about  0.05  g.  of  product. 

Analysis.— Calc'd  for  [H3B-2N(CH3)2C2H5lPr6:  C, 
31.60;  II,  7.96;  P,  10.19:  F,  37.49.  Found:  C,  31.96, 
31.98;  II,  8.13,  8.24;  P,  9.62;  F,  35.71. 

Ifre  infrared  spectra  cf  the.  abuve  ceiiipuund  shows  To 


obtained  as  described  in  Part  A  is  dissolved  in  water.  The 
aqueous  solution  is  passed  through  n  column  filled  with 
a  commercial  acid  ion-exchange  resin  of  the  polyarylsul- 
fonic  acid  type.  After  passage  is  complete,  the  aqueous 
effluent  is  set  aside  and  the  column  is  washed  with  aque¬ 
ous  hydrochloric  acid  solution.  The  aqueous  effluent, 
which  now  contains  [H2B-2NCH3(C2H5)2|C1,  is  concen¬ 
trated  to  a  small  volume  and  an  aqueous  solution  of 
NH4PF1J  is  added  with  stirring.  The  solid  which  forms 
is  separated  to  obtain  0.04  g.  of 

[  H2B  •  2NCH3(C2H6)  2]  PF8 

as  a  while  solid  which  melts  at  137-142°  C.  Its  identity 
is  confirmed  by  elemental  analysis. 

Analysis. — Calc'd  for  above  salt:  C,  36.16;  H,  8.50;  N, 
8.44;  P,  9.33.  Found  (average):  C,  36.9;  H,  8.53;  N, 
8.31;  I>,  9.21. 

The  infrared  fepailiuni  ol  the  compound  shows  bands 


~u  ■  .'e*  iv..  -v-Vuv'-e  •_ :  •«;. c. ,  - 


at  the  following  w,tvc!ct:Plhs  (expressed  as  cm,-1);  2100, 
medium,  sharp;  2-100,  weak,  sharp;  1220,  medium,  sharp, 
1180,  medium,  broad;  1030,  medium,  broad;  830,  sirong, 
Ynty  bt.u\A.  Tlx,  fntdtaitt,  bt-ud. 

.  Example  A 'III  1 

A  mixture  of  27  g.  of  N-methylpiperidine  and  17  g. 
of  diborane  is  heated  in  a  pressure  vessel  (400  ml.  ca¬ 
pacity)  at  175°  C.  for  10  hours.  The  reaction  mixture, 
processed  as  described  in  Example  XII,  yields  26.4  g.  j 
of  while  residue  from  which  there  is  obtained  (..!  g.  of 
bis(N'-methylpiperidine)-dihydroboron(l  +  )  N-methyl¬ 
piperidine  -  undccahydrododecaboratcfl— ).  The  com¬ 
pound  is  recrystallized  from  water. 

Analysis. — Calc'd  for  ] 

|II*n  CCHiXC'II:(Ci[i'jCII:]!liiIl,i  Ci!.XCll:iL  lI;  iCH: 

C,  47.90:  H.  11.62:  N,  9.31:  B.  31,17.  Found:  C,  47.73, 
47.71;  H,  11.68,  11.62;  N,  8.67,  8.81;  B.  31.01. 

The  infrared  spectrum  of  the  compound  shows  bands 
at  the  following  wavelengths  (expressed  as  cm.-1):  2500, 
strong,  sharp:  2350,  very  weak,  sharp:  1320,  medium, 
sharp;  1290,  weak,  sharp:  1260.  weak,  sharp:  1210,  me¬ 
dium.  sharp;  1200,  medium,  sharp;  1170,  medium,  sharp; 
1160,  weak,  sharp:  1030.  weak,  sharp;  1040,  strong, 


taH1s,rfr,)iNrH4ai,iN(C.Hs)4lPF,.  Thii  '’umpoun'l 
was  identified  by  comparison  with  an  authentic  sample 
(cf.  Example  XXI,  Part  C). 

Tire  pfoee.r-  IWas.tretei  i»  Kmnn-pter  V  XV  ew.i  be  u.ed 
}  to  react  diborane  with  a  wide  range  of  tertiary  amines. 
To  illustrate,  trime'hylumine  yields  hls(  Iripiethylummnni- 
um)  dodecahydrcdodecaborate,  trif2-clhylhexyl)amine 
yields  bis[lri(2-ethylhcxyi)-ammonium|  dodccahydrodo- 
decaborale,  tridodecylamine  yields  bisftridodecylammoni- 
0  um)  dodecahydrododecaboralc,  trioctadccylamine  yields 
bis(trioctadecylammonium)  dodecahydrododecaboralc, 
dimethyl(/3-plienylethyl)amine  yields  bisfdimcthyKp- 
phenylcthyl)amr.ioniuml  dodecahydrododecaboralc,  tri- 
cyclohexylamine  yields  bis(tricyclohcxylammonium)  do- 
5  dccnliydrododecaborate,  dimetliyicyclohexylamine  yields 
bis(dimethylcyclohexylammonium)  dodecahydrododeca- 
bornte,  N,N ‘-dibiitylpipernzinc  yields  (N,N'-dibulylpiper- 
azinium)  dodecahydrododecaboralc,  N-cthylpipcridinc 
yields  bis(N-ethy!pip?ridinum)  dodecahydrododecat'orale 
0  and  N-cthylmorpholine  yields  bis(N-cthylmorpholinium) 
dodecahydrododecaboralc.  In  the  above  illustrations,  it 
is  understood  that  the  dodecahydrododecaboralc  anion  is 
divalent  and  that  the  named  amines  are  reacted  with  di¬ 
borane. 

In  each  of  the  examples,  the  reaction  of  the  boron  hy- 


sharp;  1020.  medium,  sharp;  990,  medium,  broad;  975, 
medium,  broad:  950,  medium,  sharp;  870,  strong,  broad; 
845.  medium,  sharp;  820,  medium,  sharp;  780,  medium, 
sharp;  and  720,  medium,  broad. 

Example  XIV 

By  the  method  of  Example  V,  except  that  a  4C0-ml. 
pressure  vessel  was  used.  37  g,  of  cydohexyldiniethyl- 
antine  and  16  g.  of  diborane  were  heated  at  175°  C. 
for  10  hours.  The  nonvolatile  product  was  47  g.  of  a  85 
gray 'semisolid.  The  product  was  treated  with  boiling 
dilute  hydrochloric  acid,  in  which  it  all  dissolved  except 
for  a  small  amount  (less  than  1  g.)  of  an  oil,  which  v.as 
separated  by  decantation.  On  cooling,  3.0  g.  of  crystal¬ 
line  [cyelo-CjHnNHfCH-J^iBuHjj  separated  and  was 
isolated  by  filtration.  The  product  was  identified  by 
comparison  of  its  infrared  absorption  spectrum  with  that 
of  an  authentic  sample. 

The  insoluble  oil  that  had  been  decanted  was  boiled 
with  aqueous  sodium  hydroxide,  and  the -mixture  was 
cooled  and  extracted  with  ether.  Addition  of  aqueous 
trimethylsulfonium  iodide  to  the  water  solution  resulted 
in  precipitation  of  1.8  g.  of  solid,  which  was  a  mixture 
containing  about  one  Fart  of  [iCHO’ShB-Hi;  and  about 
three  parts  of  (CHjfjSBi-HnN'lCH)  )2;yelo-CfH;;. 

Analysis. — Calc'd  for  the  1:3  mixture:  C.  35.2:  H.  10.6;  °'J 
B.  39.0:  N.  3.2;  S.  12.0.  Found:  C,  35.4;  H.  11.1;  B, 
37.9;  N,  2.9;  S,  11.9. 

Example  AT 

By  the  method  of  the  preceding  example,  19  g.  of  55 
N.N.N’.N’-tetramethylethyler.ediamir.e  and  16  g.  of  di¬ 
borane  were  heated  a:  175"  C.  for  10  hours.  The  non¬ 
volatile  product  was  35  c.  of  a  brown  solid  that  contained 
[BIN-  (CH:  i;NCH;CH:Ni  CH: ),], 

"72 iw  . l I* , c  of  the  ,.t]iuii  r..v,  I-.,,  n . , 

lows:  The  crude  solid  was  extracted  with  boiling  water. 

On  coolitu.  the  aqueous  extract  deposited  a  colorless  solid. 
Extraction  of  this  material  w  i:h  20(7  aqueous  sodium  hy¬ 
droxide  at  room  temperature,  followed  by  addition  of 
aqueous  trimethylsulfonium  hydroxide  to  the  yxtract,  CO 
brought  about  precipitation  of  i(CH.:).-Sl-B;;H;;.  which 
was  identified  by  comparison  with  an  authentic  sample. 

The  presence  of  the  cation  was  shown  as  follows:  The 
soiiJ  that  remained  undissoiveJ  in.20'7*  aqueous  sodium 
hydroxide  wt.s  extracted  with  benzene.  The  solid  re-  70 
j..e..,..Vc  -.id-,  ji.-.u  ifi  iht  ttfiZsCie  Was  IfeCucJ  with  is 
hviiir.c  aqueous  -a 'per.' ion  of  a  strong  ca-ic  anion-ex¬ 
change  re-in.  ar.d  the  .mixture  v.as  filtered.  Addition  of 
ecus'j us  amrr.vri.-m  h :  ■  afbjorophosphate  to  the  filtrate, 
followed  by  concentration  end  chilling,  gave  crystals  of  75 


druid  with  a  tertiary  inline  or  a  tertiary  amineborane  ad¬ 
dition  compound  is  conducted  at  a  temperature  of  at 
least  75’  C.  No  measurable  release  of  hydrogen  occurs 
and  no  formation  of  dodccahydrododccaboratcs  occurs  at 
lower  temperatures  as  shown  in  Example  II  and  as  further 
illustrated  in  Example  A,  which  follows: 

Example  A 

-  A  cylinder  of  corrosion-resistant  steel  f  1 25  ml.  ca¬ 
pacity)  is  evacuated  to  a  low  pressure  and  it  is  charged 
with  2.84  g.  of  triethylaminc.  Sufficient  diborane  is 
charged  into  the  cylinder  to  provide  an  absolute  pressure 
of  3  atmospheres  (30  p.'s.i.  gauge)  at  about  25°  C.  No 
release  of  hydrogen  is  observed  under  these  conditions. 
Pressure  in  the  vessel  is  then  increased  stepwise  by  inter¬ 
mittent  injection  of  diborane  until  an  absolute  pressure 
of  6  atmospheres  (75  p.s.i.  gauge)  is  obtained.  Attain, 
no  release  of  hydrogen  is  observed  under  these  conditions 
(6  atmospheres  and  25!  C.).  At  this  point  the  vessel  is 
vented  and  free  diborane  is  removed.  There  remains  in 
the  reaction  vessel  3.23  g.  of  product,  i.c.,  an  increase  of 
0.39  g.  over  the  original"  charge  of  triethylaminc,  which 
corresponds  to  a  composition  whose  ratio  of  moles 
(C;H5)jN  moles  E:H?  is  2.  The  only  product  of  the  le- 
action  at  25 ;  C.  and  6  atmospheres  is,  therefore,  the  addi¬ 
tion  compound  (CjHj.ijN — 'ABjHc  or  (CjHjJjN — EH-,. 

The  tertiary  ammonium  salts  of  the  novel  anion  can 
be  passed  in  aqueous  or  alcoholic  solution  through  an 
acid  ion  exchange  resin  to  yield  a  solution  of  a  free  acid 
cf  the  following  formula 

HBijHuNRR'R11 

where  R,  R1,  and  Rn  have  the  meanings  given  previously. 
7jiu  pjoccss  is  iTIusu.ilcd  in  Example  XVI  and  in  tc.\- 
ample  IA. 

Example  XVI 

A  solution  of  fCJI-);iNllll|..,IIjIN(C-,iIIsj:j  in  ethanol 
is  passed  through  a  column  packed  with  a  poly-ultoriie 
acid  ion-exchange  resin,  "Amberlitc"  IU-120ffI).  and  the 
effluent  which  is  collected  is  dear  and  highly  acidic.  It 
contains  the  acid  HB;jH;:N(CsH;).e. 

The  acid  is  comparable  in  strength  to  common  mineral 
acids  and  it  is  most  conveniently  used  in  solution. 

A  t  roatf  ranee  of  s.ih.-  which  Utt  wiftrfr.  ihe  v:or-a  of 
the  compounds  are  obtained  by  neutralizing  aqueous  or 
alcoholic  solutions  cf  the  acids  obtained  above.  This 
method  of  obtaining  salts  is  exemplified  in  Example  XVII, 
and,  egain  in  Example  IA. 


23  24 


Example  A'  I'll 

A  pi'ii ion  of  tlic  acid  effluent  of  Example  XVI  is  titrated 
with  an  aqueous  solution  of  CsOH  to  a  pH  of  about  7. 
There  is  obtained  as  a  white  crystalline  produet  cesium 
triethylainine-iindccahydrododeeaboratefl— ),  i.c., 

CsH12h,iN(c2h3)3 

The  identity  of  the  compound  is  confirmed  by  elemental 
analysis. 

A  mils  six. — Oalc'd  for  CslIpHnN(CjHj)]:  Cs,  35.44;  B, 
31.02;  r.  19.21;  II.  0.90;  N,  3.74,  Found:  Cs,  33.8;  B, 
34.04;  C.  19.78,  19.78;  II.  6.93,  7.21;  N,  3.79,  3.81. 

T  he  infrared  absorption  spectrum  of  the  cesium  com¬ 
pound  in  a  Nujol  mull  is  as  follows,  expressed  as  cm.-1 
unit,  and  exclusive  of  the  bands  coincident  with  Nujol: 
2500.  strong.  shatp;  1460-1380,  fine  structure;  1160 
(doublet),  very  weak,  sharp;  1130,  weak  sharp;  1080, 
weak,  sharp;  1050,  medium,  sharp;  1020,  weak,  sharp; 
1000,  weak,  sharp;  975,  medium,  sharp;  875,  weak, 
sharp;  825.  medium,  broad;  785,  very  weak,  broad;  765, 
very  weak,  broad;  735,  medium,  broad;  and  720,  medium, 
broad. 

T  ire  uids.  such  as  that  prepared  in  Example  XVI  can 
be  neutralized  with  alkali  metal  hydroxides  (LiCII, 
NaOII,  KOH),  alkaline  earth  metal  hydroxides 
|Ba(OII):,  CatOIDj),  ammonia,  ammonium  hydrox¬ 
ide.  metal-amine  hydroxides,  hydrazine,  substituted 
hydrazines  (phenvlhydrazinc,  N.N-dimethylhydrazine), 
Milfonitim  hydroxides  ((CH3)3SOH,  (C4H.))3SOH], 

phosphonium  hydroxides  f(C4H3)4POHl,  tetraalkyl  and 
mixed  ternary  I  and  alkyl-substituted  ammonium  hydrox¬ 
ides  !(CII,),NOH,  (C0H5CH2)(CHj):(NOHj.  The 
compounds  given  in  brackets  are  illustrative  of  the  class 
of  haves  named. 

The  acid  in  aqueous  or  alcoholic  solution  can  be  agi¬ 
tated  with  inorganic  oxides,  hydroxides  or  carbonates  to 
form  metal  or  metal  oxy  salts  of  the  (BuHnNRR'R")-1 
anion.  To  illustrate,  the  solution  of  the  acid  can  be 
leaded  with  Na-COj,  CaCOj,  SrC03,  Zn(OH)2,  V(OH)3, 
C rfOIl  )j,  Mn(COj)j,  FcC03,  NiC03,  Cu(OH)2,  ZnC03, 
AltOH SntOH),,  PbCOj,  (Sb0)2C03,  (Bi0)2C03, 
and  the  like  to  obtain  the  corresponding  metal  salts. 

Example  XV III 

A  reaction  vessel  equipped  with  a  stirrer  and  reflux 
condenser  is  charged  with  0.8  of 

(C3H5)H3NHB12HnN(C2Hs)3 

and  50  ml.  of  methanol.  The  mixture  is  stirred  and 
water  is  added  gradually  until  the  point  of  incipient 
precipitation  is  reached.  The  mixture  is  then  heated 
to  50*  C.  and  liquid  bromine  is  added  dropwise  and 
with  stirring.  About  1.4  g.  of  bromine  is  absorbed  and 
at  this  point  the  solution  contains  the  compound 

l(C2H3)3NH][B12H7Br4N(C2H5)3] 

The  solution  is  now  heated  to  refluxing  and  about  6  g, 
of  liquid  bromine  is  added  dropwise.  The  mixture  is 
in  tiMumvd  d  teflux  (about  70°  C.)  (or  one  bow.  k 
is  then  cooled  to  about  25°  C.  and  it  is  partially  evap¬ 
orated  by  me  of  a  water-aspirator  pump.  While  crys¬ 
tals  form  which  arc  separated  by  filtration  to  yield  1.74 
g.  of  l(C2ll3)3NII||II,2H3BrflN(C2ll3)3|.  The  com¬ 
pound  is  rveryslalli/cd  from  hot  90%  methanol  and  its 
identity  is  confirmed  by  elemental  analysis. 

Analysis. — C'alc’d  for  fil..ltruf.'13N,l  lnn:  It,  15.87;  Hr. 
58.66;  17.62;  II,  4.43.  Found;  B,  15.28;  Br,  59.47; 

C,  17.58;  II,  4.58. 

Example  XIX 

The  procedure  of  Example  XVIII  is  repeated  employ¬ 
in';  0.8  g.  (C3ni)3NIIB12HM(C2H3)3  and  50  ml.  of 
mi'ihunul  but  using  chlorine  in  place  of  bromine.  The 
initial  icaction  mixture  is  heated  to  rcllux  temperature 
anil  i  hlorin*  gix  It  ltd  bled  UttBiigh  ijiUwte  kr 


about  1-1.5  hours.  The  reaction  mixture  is  processed 
as  described  in  Example  XVIII  to  obtain  1.0  g.  of 
[(C2H3)3NH][B1;,H4C17N(C2H5)31,  a  white  crystalline 
solid  whose  identity  is  confirmed  by  elemental  analysis. 
5  Analysis. — Cale’d  for  B13CI7CI2NoH35:  B,  22.3;  Cl, 

42.4;  O,  24,7;  H,  605.  Fcuiul;  B,  21X1;  Q,  41.0;  C, 
25.0;  H,  6.27. 

The  process  of  Example  XVIII  can  be  used  to  pre¬ 
pare  iodine-bearing  compounds,  employing  an  iodine 
]0  chloride  as  the  halogenating  agent,  e.g., 

[(C2H5)3NH]tB13IllN(CaH5)3] 

can  be  obtained  from  (C3H5)3NHB]2HUN(C.,H6)3  and 
JC1. 

j-  Examples  XVIII  and  XIX  illustrate  the  reaction  of 
the  novel  anion-containing  compounds  with  halogen 
reagents  to  obtain  substitution  products  of  the  follow¬ 
ing  general  formula: 

M(Bi2Hn_yXy'NRR,RII)n 

l,0 

where  the  symbols  have  the  meanings  previously  de¬ 
scribed. 

The  compounds  arc  soluble  in  oxygenated  liquids,  e.g., 
methanol  and  ethanol.  Solubility  in  water  ranges  from 
0-  the  high  solubility  of  the  acids  to  rather  low  solubility 
for  the  amine  salts  and  heavy  metal  salts. 

Example  XX 

The  compound  [H2B-2N(CH3)3] [B12Hn-N(CH3)3], 
obtained  as  described  in  Example  I,  is  dissolved  in  water 
‘  and  the  solution  is  passed  through  a  column  packed  with 
a  chloride-ion  exchange  resin  (“Amberlite”  IRA-400, 
chloride  form).  The  effluent  is  evaporated  to  obtain 
bis(trimcthylamine)dihydroboron(l-b)  chloride,  i.e., 

85  .  [H2B-2N(CH3)3]C1 

The  compound  is  most  conveniently  obtained  as  a  hy¬ 
drate.  The  identity  of  the  compound  is  confirmed  by 
its  nuclear  magnetic  resonance  spectrum.  In  aqueous 
solution,  the  nuclear  B11  magnetic  resonance  spectrum  of 
0  the  compound  consists  of  a  symmetrical  1:2:1  triplet, 
«=14.8  p.p.m.,  from  B(OCH3)3,  and  the  Jb_h  value  is 
119  c.p.s. 

The  compound  is  a  white  crystalline  solid  which  is 
most  conveniently  isolated  from  aqueous  solution  with 
4.  water  of  hydration,  i.e,,  as  [H2B-2N(CH3)3]Cl-.rH20, 
where  the  value  of  x  is  determined  by  the  degree  to  which 
the  compound  is  dried.  Prolonged  drying  at  very  low 
pressures  yields  a  substantially  anhydrous  product.  The 
value  of  x  can,  therefore,  be  zero  and  generally  docs  not 
-n  exceed  8.  The  hydrate  free  product  is  represented  by 
the  formula  [H3B-2N(CH3)3]CI. 

As  stated  earlier,  the  cations  may  be  prepared  by  em¬ 
ploying  as  one  reactant  a  salt  having  the  cation 

[BH3'2S(CH3)2]  +■ 

Cj  The  preparation  of  a  representative  salt  of  this  cation  is 
aesenued  in  example  t*. 

Example  It 

A  3-ncckcd  glass  reaction  vessel  (capacity  101K)  ml.) 
°0  is  equipped  with  a  reflux  condenser.  T  he  vessel  is  cooled 
to  about  —78°  C.  wth  solid  carbon  dioxide  and  it  is 
charged  with  120  ml.  of  (CT  lj )-S.  Pressure  in  the  vessel 
is  reduced  to  a  low  value  and  25  g.  of  1)2H0  is  introduced 
into  the  vessel  and  absorbed  by  the  (CI13)2S  to  form  the 
0u  adduct  BII;,-S(CH3)3.  After  warming  this  adduct  to 
room  temperature,  42  g.  of  BioHj,  is  added  and  the  solu¬ 
tion  is  heated  to  refluxing  temperature  and  stirred  for 
2-4  hours.  About  28  liters  of  gas  is  released  during  this 
step.  The  reaction  mixture  is  cooled  lo  50-60°  C.  and 
70  the  pressure  in  the  vessel  is  reduced  to  a  low  value  to 
remove  all  volatile  material.  The  residue  contains 

I  III  I2-  2S(CI  l3  )a  I  lli2l  I, i •  S(CHj )2 

and  it  can  lie  employed  directly  as  a  reactant  in  subsc- 
7T  queiA  i  peraliuiK. 


3,205,737 
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Example  XXI 

A.  A  solution  is  prepared  consisting  o£  about  20  ml. 
of  dichloromethane  and  2.1  g.  of  the  sol.J  obtained  in 
Example  3  which  contains 

[H2B2S(CH3)21B12HU-S(CH3)2 
The  solution  is  stirred  and  5  ml.  of 

(CH3)2NCH2CH2N(CH3)2 

is  added  to  it.  The  solution  is  evaporated  to  dryness  a  io  s^“/. 
further  quantity  of  dichloromethane  is  added  with  stir¬ 
ring,  and  the  mixture  is  again  evaporated  to  dryness. 

Water  is  added  to  the  residue  and  the  mixture  is  boiled 
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is  added  with  stirring.  The  temperature  of  the  mixture, 
which  is  19°  C.,  rises  to  32'  C.  during  this  step.  The 
mixture  is  stirred  one  hour  and  it  is  processed  as  described 
in  Example  XXI.  There  is  obtained  3.1  g.  of  white 
crystalline  solid  which  is  l.N.N.N'.N'-pentarnethyltn- 
mcthylcncdiaminedihydroboron(l-t-)  dimethyl  sulfide 
undecahydrododecaboratefl  — ).  The  product  is  puri¬ 
fied  by  recrystallization  from  water.  Its  identity  is  con¬ 
firmed  by  elemental  analysis  and  its  infrared  absorption 


CUltUUl* 

Analysis. — Calc’d  for 


toremovc"rcsidual  dichloromethane.  The  hot  solution  is  33,35;  H,  10.92;  N,  7.78;  B,  39.06;  S,  8.96.  Found:  C, 

filtered  to  separate  insoluble  material  and  the  filtrate  is  lu  1335  33,06;  H,  10.55,  10.70;  N,  7.17,  7.58;  B,  39.67; 
.  rystalline  solid  forms  which  is  sepa-  • 


cooled.  A  white  crystalline  solid  forms  which  is  sepa 
rated.  The  compound  is  recrystallizcd  from  water  to 
obtain  0.40  g.  of 

[H2B-(CH3)2NCH3CHJN(CH3)a]D12H11-S(CH3)3 
The  above  process  is  repeated  employing  28  g.  of  crude 
LU2B’2S(CII3)31  Bi;Hn'S(CH3)3,  50  ml.  of  dichloro- 
methanc  and  10  ml.  of  (CH3)2NCH2CH2N(CH3)2. 
There  is  obtained  10  g.  of  the  white  crystalline  product, 


S  9.07. 

’  The  infrared  spectrum  of  the  compound  shows  bands 
at  the  following  wavelengths  (expressed  as  cm.-1):  2400, 
on  strong,  sharp;  2380  (shoulder);  1480,  1420,  141  ,  very 
weak,  sharp;  1320,  1290,  1260  very  weak,  sharp;  1225, 
medium,  sharp;  1190,  strong,  sharp;  1150,  medium, 
sharp;  1115,  1095,  weak,  sharp;  1040,  strong,  broad, 
1000,  medium,  sharp;  965,  strong  with  shoulders;  945, 


There  is  obtained  10  g.  of  the  white  ciystallinc  product,  weak'  sh  jjq  me’dium,  sharp;  870,  medium,  sharp; 
described  above.  The  identity  of  the  compound  is  fur-  2j  strong  sharp;  795,  weak,  sharp;  and  720,  medium, 


ucbcriucu  tiuuvc.  *  - Y  ,  .  .  , 

ther  confirmed  by  elemental  analysis  and  by  infrared 
s,  cctroscopy. 

Analysis. — Calc’d  for 

[H2B-(Ch3)2NC2H4N(CH3)2]Bi2Hu  S(C1I3)2 
C.  28.93;  H,  10.60;  N,  8.44;  B,  42.35;  S,  9.65.  Found: 

C,  29.3;  H,  10.5;  N,  9.24,  8.57;  B,  42.1;  S,  9.86. 

B.  A  small  quantity  (0.8  g.)  of  the  product  of  Part  A 
is  dissolved  in  water  and  the  solution  is  passed  through  a 
column  filled  with  a  commercial  chloride-ion  exchange  35 
resin  rAmberlite"  IRA-400).  The  aqueous  effluent  is 
evaporated  to  dryness  to  obtain 

„  [H3B'  (CH3)2NC2H1N(CH3)3)CI 

as  a  white  hygroscopic  solid.  The  infrared  spectrum  of  40 
the  compound  shows  bands  at  the  following  wavelengths 
(expressed  as  cm.”1):  2500,  strong,  sharp;  2450,  medium, 
sharp;  1420,  weak,  sharp;  1290,  medium,  sharp;  1265, 
very  weak,  sharp;  1260,  medium,  sharp;  1240,  weak, 
sharp;  1210,  medium,  sharp;  1160,  strong,  sharp;  1140,  45 
strong,  sharp;  1130,  strong,  sharp;  1035,  strong,  sharp, 

995,  weak, -sharp;  970,  strong,  sharp;  930,  weak,  broad; 

865,  strong,  sharp;  795,  strong,  sharp;  725,  weak,  broad, 
and  700,  weak,  broad. 

The  nuclear  magnetic. resonance  of  the  above  chloride  60 
salt,  measured  in  aqueous  solution,  yields  the  following 
data:  JD_H,  HI  c.p.s.  (asymmetrical  triplet  1:2:1);  shift 
from  B(OCH3)3,  +12.0  p.p.m. 

C.  The  chloride  salt  obtained  as  described  in  Fart  B 
is  dissolved  in  water  and  an  aqueous  solution  of  NH4PF«  55 
is  added  with  stirring.  The  solid  which  forms  is  separated 
and  recrystallized  to  obtain  0.5  g.  of 

[H2B-  (CH3)2NCaH4N(CH3)3]PFs 
The  identity  of  the  compound  is  confirmed  by  elemental  CQ 
analysis. 

Analysis. — Calc’d  for  above  PF6  salt:  C,  26.30;  H, 
6.61;  N,  10.22;  B,  3.95;  P,  11.30;  F,  41.60.  Found:  C, 
26.8*;  H,  0.63;  N,  tu.db,  B,  4.S5,  F,  W.tT.  H.04{  F 
41.84. 

Example  XXII 

A.  A  mixture  of  38  ml.  of  (CH3)3S,  9  g.  of  BiH#  jtnd 
7.1  g.  of  BhjHh  is  reacted  as  described  in  Example  B  to 
obtain  a  product  containing 


[HjB,2S(CH3)a]Bi2Hn’S(CH3)2 


The  product  so  obtained  is  dissolved  in  about  75  ml.  of 
dteii-hjroirteitiiMs  a».J  Id  ft+.  of 


(CH3)2NCH(CH3)CH3CH2N(CH3)3 


WeUK,  SUUip,  7iu,  luvum...,  -  .  - 

825,  strong,  sharp;  795,  weak,  sharp;  and  720,  medium, 

broad.  ,  _  _  ,  .  . 

B  *  pcnk'JL  M.5  of  the  compound  of  Part  A  is 
dissolved  in  water  and  the  solution  is  passed  through  a 
on  column  filled  with  a  commercial  ehloridi-ion  exchy.gc 
resin.  The  aqueous  effluent  is  evaporated  to  obtain  a 
concentrated  solution  of 

[H2B'(CH3)2NCH(CH3)CH2CH2N(CH3)2]C1 
-  C.  A  portion  of  the  solution  obtained  in  Part  B  is 
mixed  with  ah  aqueous  solution  of  NH4PFC.  An  oily  in¬ 
soluble  product  forms  which  is  separated  by  a  decantation. 
The  oily  product  is  a  compound  of  the  formula 

[H2B(CH3)2NCH(CH3)CH2CH2N(CH2)2)PF« 

D.  A  portion  of  the  solution  obtained  in  Part  B  is 
mixed  with  an  aqueous  solution  of  chloroauric  acid.  A 
yellow  solid  forms  which  is  separated,  washed  and  dried 
to  obtain  the  chloroaurate  salt  of  the  novel  cation. 

Analysis. — Calc’d  for 

(H2B  •  (CH3 )  2NCH  (CH3  )CH2CH2N  (CH3)  2]  AuC14 

c,  19.37;  H,  4.47;  N,  5.65;  B,  2.18;  Cl,  28.59.  Found: 
C,  18.95;  H,  4.76;  N,  5.82;  5.93;  B,  2,29;  Cl,  27.82;  27^91. 

E.  A  portion  of  the  solution  obtained  in  Part  B  is 
mixed  with  an  aqueous  solution  of  H2HgCl4  (obtained 
from  HC1  and  HgClj).  A  precipitate  forms  which  is 
separated,  washed  and  dried  to  obtain 

[  HjB  •  (CH3)  2NCH(CH3)  CHjCHjN  (CH3 )  2]  2HgCl4 

as  a  white  crystalline  compound.  . 

F.  A  portion  of  the  solution  obtained  in  Part  B  is 
mixed  with  a  small  quantity  of  monosodium  1,1,3,3-tctra- 
cyanopropenide.  The  product  separates  as  pale  yellow 
needles  which  become  discolored  in  the  presence  of  day¬ 
light.  The  needles  are  removed  by  filtration  and  they  arc 
rccrystallizcd  to  obtain  l,N,N,N’,N'-pentamcthyl-tri- 
methylcnediuminc  -  dihydroboron(l  +  )  1,1, 3, 3  -  tctracy- 
anopropcnidc(l-).  The  identity  of  the  compound  is 
confirmed  by  elemental  analysis  anu  hy  its  infrared 
spectrum. 

Analysis. — Cnlc’d  for 

C,  60.41;  H,  7.77;  N,  28.18;  B,  3.63.  Found:  C,  60.85; 
H,  8.45;  N,  28.45;  27.97;  B,  3.82. 

The  infrared  spectrum  of  the  compound  shows  bands 
at  the  following  wavelengths  (expressed  as  cm.-'):  2450, 
meuium,  snarp;  2Jio,  shaft-;  li  Ai> 

1550,  strong,  sharp;  1400,  weak,  sharp;  1370,  medium. 
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sharp:  1330.  strung.  sharp;  1280,  1260,  weak,  sharp,  1230, 
medium,  sharp;  1 190.  strong,  sharp;  1 150,  medium,  sharp; 
1110,  weak,  sharp;  1100,  weak,  sharp;  1050,  medium, 
sharp:  1000.  medium,  sharp;  985,  965,  950,  920,  weak, 
sharp;  910.  8*0.  medium  sharp;  830,  medium,  broad;  810, 
weak,  broad;  800.  weak,  sharp;  770,  720,  weak,  broad. 

Example  XXIII 

A.  A  mixture  of  8  g.  of  Bt0Hi«  and  the  adduct 
BH3-S(CH3)2 

from  50  ml.  of  (CII3)jS  and  B2H0,  is  processed  as  de¬ 
scribed  in  Example  B  to  obtain  a  product  containing 
tlMI‘2S(Cllj):IB|2llirS(CH])2.  The  quantity  of 


uctr.  of  the  caticnic  borun  containing  and  the  exceptional 
resistance  to  degradation  of  the  compounds  in  vigorous 
chemical  reactions. 

Example  XXIV 

A  reaction  vessel  is  charged  with  an  aqueous  solution 
containing  2  g.  of  the  hydrate  of  [H2B-2N(CH3)3]CI, 
and  fluorine  gas,  diluted  with  about  5-10  nitrogen,  is 
bubbled  into  the  mixture  at  prevailing  atmospheric  tem¬ 
perature  (about  25"  C.).  The  vessel  is  cooled  during 
this  operation  to  maintain  the  temperature  at  20-25*  C. 
Passage-of  gas  is  continued  until  a  PF0-salt  prepared  from 
an  aliquot  portion  of  the  reaction  mixture  shows  substan¬ 
tial  absence  of  the  B-H  bond  in  the  infrared  absorption 


product  so  obtained  is  dissolved  in  100  ml.  of  dichloro-  jj  spectrum.  At  this  point  passage  of  fluorine  gas  is  dis- 
nicth.mc  and  10  ml.  of  N.N'-dimethylpipcrazine  is  added  continued  and  an  aqueous  solution  of  NH4PF0  is  added 

to  the  solution.  The  temperature  of  the  solution,  which  with  strirring  to  the  reaction  mixture.  The  white  pre- 

is  26*  C.,  ri'-es  to  35*  C.  The  mixture  is  stirred  0.5  hour  cipitatc  which  forms  is  separated  by  filtration  and  it  is 

and  a  fine  white  solid  precipitates.  The  product  is  sepa-  rccrystallizcd  twice  from  water  to  obtain  0.49  g.  of  a 


rated  to  obtain  9.3  g.  of  N.N'-dimethylpiperazincdihydro-  20  white  salt  which  consists  of  |C1BF'2N(CH3)31PF0  and 


boron  ( 1+  )  dimethyl  sulfidc-undccahydrodccaboratc(  — ). 
Further  processing  of  the  filtrate  yields  an  additional  3.8 
g.  of  the  compound.  The  compound  is  further  purified 
by  recryslallization  from  aqueous  solution. 

Analysis. — Calc'd  for 

Citti 

(ll,ll.Cll,N/  rs'ClIj)BiiUiiS(CH>)» 

\r tC 


|F2B-2N(CH3)3]PF0.  An  aqueous  solution  of  this  salt 
is  passed  through  a  column  packed  with  a  chloride  anion 
exchange  resin  (described  in  Example  XX)  and  the  efflu¬ 
ent  is  evaporated  to  yield  0.3-0.4  g.  of  a  white  solid 
25  which  is  a  mixture  of  [CIBF-2N(CH3)3]C1  and 
[F2B-2N(CH3)3]C1. 

The  infrared  absorption  spectrum  shows  only  a  trace 
of  bands  attributable  to  absorption  by  B — H  bonds  and 
the  nuclear  F19  magnetic  resonance  spectrum  in  aqueous 


C,29.ll:ll.  10.11;  N,  8.49;  B.  42.61;  S,  9.71.  Found:  30  solution  shows  two  sets  of  symmetrical  quadruplets, 


C,  29.5;  II.  10.2;  N,  8.09,  8.39;  B,  42.3;  S,  9.78. 

The  infrared  spectrum  of  the  compound  shows  bands  at 
the  following  wavelengths  (expressed  as  cm.-1):  2500, 
strong,  sharp;  2400  (shoulder);  1480,  very  weak,  sharp; 
1420,  medium,  sharp;  1370,  medium,  sharp;  1330,  weak,  35 
sharp;  1290,  weak,  sharp;  1220,  medium,  sharp;  1190, 
very  weak,  sharp;  1170,  medium,  sharp;  1140,  medium, 
sharp;  1120  (shoulder);  1110,  strong,  sharp;  1070,  weak, 
sharp;  1(145.  medium,  sharp;  1020,  weak,  sharp;  1000, 


one  centered  at  8=95.0  p.p.m.  from  tetrachloro-l,2-di- 
fiuoroethanc  with  a  JB-r  value  of  133-150  c.p.s.,  the 
second  at  8=106  p.p.m.  from  tetrachloro-l,2-difiuoreth- 
ane  with  a  JB_p  value  of  45  c.p.s. 

Example  XXV 

A  reaction  vessel  is  charged  with  an  aqueous  solution 
containing  1.5  g.  of  hydrated  [H2B-2N(CH3)3]C1. 
Fluorine  gas,  diluted  with  5-15%  nitrogen,  is  bubbled 


weak.' sharp’;  965.  medium,  sharp;  930,  915,  very  weak,  ■»»  into  the  aqueous  solution  until  it  is  present  in  excess 


sharp;  890.  medium,  sharp;  830,  medium,  broad;  770,  An  aqueous  solution  of  NH4PF8  is  then  added  to  the 

weak  broad-  720  medium,  broad.  mixture  with  stirring  until  precipitation  of  a  white  solid 

B.  The  compound  (5.2  g.)  of  Part  A  is  dissolved  in  is  complete.  The  precipitate  is  separated  by  filtration 

water  and  the  aqueous  solution  is  passed  through  a  col-  to  yield  0.7  g.  of  a  product  which  is  principally 

umn  filled  with  a  commercial  chloride-ion  exchange  resin.  45  [FC1B-2N(CH3)31PF„.  The  product  contains  about 
The  effluent  is  an  aqueous  solution  of  10%  of  [F2B-2N(CH3)3PF6.  It  is  recrystallized  from 


The  diluent  is  an  aqueous  solution  ot 
CAT, 

(HjBCIIjN  NClIflCt 

.  ^cJnT  60 

C.  The  effluent  of  Part  B  is  evaporated  to  a  small 
volume'  and  an  aqueosu  solution  of  NH^PFe  is  added  with 
stirring.  The  precipitate  which  forms  is  separated  and  re- 
crystallized  to  obtain  1.8  g.  of  N,N'-dimethylpiperazine-  53 
dihydroboron(  1  +)  hexafluorophosphate.  The  identity  of 
the  compound  is  confirmed  by  elemental  analysis  and  its 
infrared  spectrum. 

Analysis. — Calc’d  for 


■TKrt.r  lu  o’Arri.i  o.S  6.  tf  w!  rtc  needles.  H,  ■  filtrate  is 
retained  for  use  in  the  next  example. 

Analysis. — calc’d  for  90%  [FCIB-2N(CH3)3lPF6-10% 
I  FsB-2NfCH,)3lPF6:  Cl.  9.76:  P,  9.48:  C.  22.05:  H.  5.55: 
B,  3.31;  F,  41.27.  Found:  Cl,  9.40;  P,  9.5;  C,  22.8;  H, 
5.6;  B,  3.0;  F,  41.43. 

The  compound  is  soluble  in  polar  organic  solvents,  e.g., 
acetonitrile. 


NCII1IPF4 


dihydroboron(  1 +)  hexafluorophosphate.  The  identity  of  Example  XXVI 

the  compound  is  confirmed  by  elemental  analysis  and  its  The  m0(]lcr  liquor  from  the  second  recrystallization  of 
infrared  spectrum.  the  compound  of  Example  XXV  is  passed  through  a  col- 

Analysis.  Calcd  for  l)mn  pac](C(i  with  a  chloride  anion  exchange  resin  of  the 

<Vt,  fiq  iirvrlt*-d  f  Fxumvlu  XX,  1  UecfiVrfM  fccvftjinJnns' 

[ihB.cn, N  ^NClhlPF,  to  yield  0.05  g.  of  a  compound  which  is  principally 

\  /  [FCIB-2N(CH3)31CI  containing  about  10%  of 

CjU| 

C.  26.49;  H,  5.93;  N,  10.30;  P,  11.39.  Pound  (average):  lFs'12NirU,)j(f  I 

C,  27.1;  H,  6.69;  N,  9.98;  P,  11.1.  05  The  product  is  a  white  crystalline  solid.  The  nuclear  mag- 

The  infrared  spectrum  of  the  compound  shows  obsorp-  nelic  proton  resonance  spectrum  is  a  singlet,  8=2.0  p.p.m. 

tion  bands  at  the  following  wavelengths  (expressed  as  from  water.  ; 

cm.-!):  2500,  medium,  sharp;  2400,  weak,  sharp;  2340,  The  infrared  absorption  spectrum  shows  the  following 
weak,  sharp;  1 301),  weaky  sharp; -1240,  weak,  sharp;  1220,  band  in  a  Nujol  mull  (expressed  as  cm.-1)  and  exclusive 
medium,  sharp;  1180,  medium,  sharp;  1150,  wcak7sharpr-rO-«t-b:lni,s  coincidental  with  Nujol):  1480,  strong,  sharp; 
1120,  slrone,  sharp;  1020,  medium,  sharp;  965,  weak,  1400,  weak,  sharpT  1330-13 10,  multiple!,  medium,  broad; 
sharp;  and  850,  strong,  very  broad.  1 180,  1 140,  medium,  sharp;  1120,  very  weak,  sharp;  1080, 

Examples  XXI-XXIU  illustrate  the  cation-containing  1050,  weak,  sharp;  1020,  medium,  sharp;  970-950,  dott- 

ernnp Bunds  as  prejwfcd  Trvnr  Lor ream  dm  WeF,  slrarpl  Tt  540,  MumMcfs,  strong, 

The  examples  which  follow  illustrate  substitution  prod-  75  broad;  740-720,  doublet,  very  weak,  broad. 


C.  26.49;  H,  5.93;  N,  10.30;  P,  11.39.  Found  (average): 
C,  27.1;  H,  6.69;  N,  9.98;  P,  11.1. 

The  infrared  spectrum  of  the  compound  shows  obsorp- 
tion  bands  at  the  following  wavelengths  (expressed  as 
— cm.-1):  2500,  medium,  sharp;  2400,  weak,  sharp;  2340, 
weak,  sharp;  1 3'fit),  weaky  sharp;  1240,  weak,  sharp;  1220, 


'  t.  ■  I 
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t.Mwi/’ic  .V ATM 

A  reaction  vessel  is  charged  with  about  20  ml.  of 
water  and  I  g.  of  the  hydrate  of  LH3B‘2N(C1T3)3]C1. 

The  mixture  is  heated  to  boiling  and  chlorine  gas  is 
passed  through  it  for  15  minutes  at  the  boiling  tempera-  5 
lure.  The  solution  contains  I  HCIB-2N(CH3)3]CI.  The 
solution  is  cooled  and  added  with  stirring  to  an  aqueous 
solution  of  IIAuC  !,.  An  orange  precipitate  forms  which 
is  separated  by  filtration.  The  product  is 

!MC1B-2N(CH3)3]AuCI4  10 

and  it  is  further  purified  by  rccrystaliization  from  water. 

The  identity  of  the  compound  is  confirmed  by  elemental 
analysis. 

,l„„/vuv.— Talc'd  for  [HCIB‘2N(CH3)3lAuCl4:  B,  15 
2.1-1:  C,  14. 2b;  II.  .1.80:  N,  5.55;  M.W.,  504.  Found: 

It.  2.5S:  C.  15.59:  H.  4.49;  N,  5.62;  M.W.,  503,  523. 

I  he  compound  is  soluble  in  halogenated  hydrocar¬ 
bons,  e  g.,  methylene  dichloridc  and  ethylene  dicldoridc. 

Example  XXVIII  20 

A  reaction  vc'sol,  fitted  with  a  reflux  condenser,  is 
charged  s.ith  10-25  ml.  of  concentrated  nitric  acid  and 
I  g.  of  the  hydrate  of  1 1 kB-2N(CH3)3]CI,  prepared  as 
described  in  Example  XX.  The  mixture  is  boiled  until  25 
evolution  of  brown  vapors  subsides;  2-5  ml.  of  aqueous 
5  M  hydrochloric  acid  solution  is  added  and  the  solu¬ 
tion  is  boiled  again  for  a  few  minutes.  The  solution  is 
cooled  and  it  is  made  .‘.lightly  basic  by  addition  of  aque¬ 
ous  3lTo  sodium  hydroxide.  It  is  heated  to  boiling  to  30 
expel  a  trace  of  trimethylaminc  and  then  made  slightly 
acidic  by  addtion  of  hydrochloric  acid.  An  aqueous  so¬ 
lution  containing  3  g.  of  NH4PH6  is  added  with  stirring 
and  the  white  precipitate  which  forms  is  crystallized  by 
heating  the  mixture.  The  precipitate  is  separated  by  35 
filtration  and  purified  by  rccrystaliization  from  water 
to  give  1.15  g.  of  |MC1H-2N(CH3)3]PF6.  The  identity 
of  the  compound  is  confirmed  by  elemental  analysis  and 
by  its  infrflred  absorption  spectrum. 

,Imi/v.wi.— Cak'd  for  |HCIB-2N(CH3)3lPF0:  B,  3.48;  40 
C,  23.21;  II.  6.17;  N,  9.02;  F,  36.72;  P,  9.98;  Cl,  11.42. 
Found.  11.  3.0;  C.  23.5;  H,  6.4;  N,  9.01,  9.00;  F,  36.2; 

P,  9.9;  Cl.  10.7. 

The  infrared  absorption  spectrum  of  the  compound  in 
a  Nujol  mull  shows  the  following  bands  (expressed  as  45 
cm.-1  and  exclusive  of  bands  which  are  coincidental 
with  Nujol):  2500,  weak,  sharp;  1500,  1480,  shoulders, 
medium,  sharp;  1 400,  medium,  sharp;  1300,  very  weak, 
sharp;  1240-1220,  doublet,  medium,  sharp;  1170,  1140, 
1120,  1 100,  medium,  sharp;  1060,  strong,  sharp;  975-960,  60 
doublet,  strong,  sharp;  880,  weak,  sharp;  850-830, 
strong,  broad;  780,  760,  very  weak,  broad;  730,  weak, 
broad. 

The  compound  is  soluble  in  acetonitrile. 
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30 

unrcacied  iodine  moiiucliloiide.  The  solid  which  remains 
is  dissolved  in  water  and  a  solution  of  NH4PF0  is  added 
with  stirring.  A  crystalline  solid  precipitates  which  is 
separated  by  filtration  and  rcerystallized  twice  from  hot 
water.  The  compound  which  is  obtained  is  bis(trime!h- 
ylaminc)dichloroboron  (1  +  )  hcxafiuorophosphatc.  Its 
identity  is  confirmed  by  elemental  analysis  and  the  infra¬ 
red  absorption  spectrum. 

Analysis. — Calc’d  for  [BCl3‘2N(CH3)3]PF(j:  P,  8.99; 
Cl,  20.5;  H,  5.37.  Found:  P,  9.06;  Cl,  20.79;  H,  5.48. 

The  infrared  absorption  spectrum  of  a  Nujol  mull  of 
the  compound  shows  the  following  bands  (expressed  as 
microns  and  exclusive  of  bands  due  to  Nujol):  6.7,  7.2; 
8.25,  8.95,  9.5,  10.35,  10.55,  10.72,  11.4,  11.95,  13.00, 
and  about  13.7. 

Example  XXXI 

A  reaction  vessel  is  charged  with  0.425  g.  of  the  hy¬ 
drate  of  [H2B'2N(CH3)3]C1,  a  small  quantity  of  water 
and  liquid  bromine.  The  mixture  is  boiled  until  it  is 
colorless.  A  further  quantity  of  liquid  bromine  is  added 
and  a  brown  oily  precipitate  forms.  The  mixture  is 
boiled  until  the  oily  precipitate  is  gone  and  it  is  then 
cooled  to  prevailing  atmospheric  temperature.  About 
one-half  of  it  is  passed  through  a  column  packed  with 
a  chloride  anion  exchange  resin  (“Amberlitc"  IRA-400, 
chloride  form).  The  effluent  is  evaporated  to  leave  about 
0,1  g.  of  a  white  crystalline  compound  -which  is 
[HBrB‘2N(CH3)3]Cl.  The  nuclear  B11  magnetic  reso¬ 
nance  spectrum  of  this  compound  consists  of  a  symmetri¬ 
cal  doublet  and  the  JD_H  value  is  134  c.p.s,,  5=+12.2 
p.p.m.  from  trimethyl  borate. 

Example  XXXII 

The  compound  of  Example  XXXI,  i.e.,  bisftrimeth- 
ylamine)monohydromoncbromoboron(l  +  )  chloride,  is 
dissolved  in  water  and  an  aqueous  solution  of  HAuCU 
is  added  with  stirring.  A  yellow  solid  precipitates  which 
is  separated  by  filtration.  The  product,  which  is 
[HBrB-2N(CH3)3]AuCU,  is  purified  by  rccrystaliization 
from  water.  The  identity  of  the  compound  is  confirmed 
by  elemental  analysis  and  by  its  infrared  absorption  spec¬ 
trum. 

Analysis.— Cak’d  for  [HBrB-2N(CH3)3]AuCI4:  B, 
1.97;  C,  13.13;  H,  3.49;  N,  5.10.  Found:  B,  2.06;  C, 
13.72;  H,  3.80;  N,  5.24,  5.14. 

The  infrared  absorption  spectrum  of  the  compound 
in  a  Nujol  mull  shows  the  following  bands  (expressed 
as  cm.-1  and  exclusive  of  bands  which  coincide  with 
bands  due  to  Nujol);  2500,  medium,  sharp;  1480-1430, 
shoulders;  1400,  weak,  sharp;  1230,  shoulders,  medium, 
sharp;  1160,  medium,  sharp;  1040,  strong,  broad;  970, 
955,  doublet,  strong,  sharp;  835,  strong,  broad;  and  750, 
730,  710,  weak,  broad. 

The  compound  dissolves  readily  in  methylene  dichlo¬ 
ride  and  ethylene  dichloride. 


A  rortion  of  the  compound  [HC1B‘2N(CH3)3]PF6, 
obtained  ax  described  in  Example  XXVIII  is  dissolved  in 
water  and  the  solution  is  passed  through  a  column  packed 
with  a  chloride  anion  exchange  resin  of  the  type  described  0(1 
in  Example  XX.  The  effluent  is  evaporated  to  yield  0.63 
g.  of  |IIC1B‘2N(CII3)31C1,  a  while  crystalline  solid. 

In  aqueous  solution  the  nuclear  B11  magnetic  resonance 
spectrum  of  the  compound  consists  of  a  symmetrical 
doublet,  a  Jd.m  value  of  134  c.p.s,,  <5=1 7.3  p.p.m,  from  ,1"> 
trimethyl  horalc.  The  compound  is  soluble  in  a  number 
of  polar  organic  solvents,  e.g.,  acetonitrile. 

Example  XXX 

A  reaction  vessel  is  charged  with  15  ml.  of  iodine  70 
monnchloride  and  3  g.  of  |M3B-2N(CII3)3]CI  is  added 
in  small  portions  with  stirring.  The  initial  reaction  is 
•twHtwair  mui  it  wbsfcte#,  the  (iilWlifL  »  heine4 
to  85*  C.  for  one  hour.  The  mixture  is  cooled  and  it 
is  extracted  with  carbon  disulfide  to  remove  iodine  and  75 


Example  XXXlll 

A.  A  reaction  vessel  is  charged  with  approximately  1 
g,  of  the  hydrate  of  [H3B-2N(CH3)3]C1  and  about  1-2 
ml,  of  bromine.  The  mixture  is  refluxed  until  it  is  color¬ 
less  and  a  clear  solution  is  obtained.  The  solution  is 
passed  through  a  column  packed  with  a  chloride  anion 
exchange  resin  as  described  in  Example  XX.  The  dilu¬ 
ent,  which  is  acidic,  is  neutralized  with  aqueous  sodium 
hydroxide.  The  neutral  solution  is  partially  evaporated 
and  an  aqueous  solution  of  N1I,PI'a  is  added  with  stirring. 
The  white  precipitate  which  forms  is  separated  by  filtra¬ 
tion  to  obtain  1,87  g.  of  | ll!lrlS-2N(lTla)3|l’l'„.  The 
compound  is  ivcryslalli/cd  from  water  and  its  identity 
is  confirmed  by  elemental  analysis,  nuclear  magnetic  teso- 
nancc  and  infrared  absorption  spectra. 

Analysis. — Calc'd  for  |IIHr»‘2N(CII3)3|PF0:  C, 
2W.:fr.  11.  3.1H,  N,  7.89.  Bf,  22.52.  P,  8.72.' 5',  11. 

5.40.  Found:  C,  20.51;  H,  2.63;  N,  7.83,  8.00;  Br,  22.69; 
P,  8.79;  F,  32.00;  H,  5.83. 
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The  infrared  absorption  spectrum  of  the  compound  in 
a  Nujol  mul!  shows  the  following  bands  (expressed  as 
cm.-1  and  exclusive  of  bands  coincident  with  the  Nujol 
spectrum):  2500,  weak,  sharp;  1480,  medium,  sharp; 
1100,  medium,  sharp;  1200  very  weak;  1760,  very  weak:  r, 
1230-1220,  doublet,  strong,  sharp;  1160,  strong,  sharp; 
1130,  medium,  sharp;  1120,  medium,  sharp;  1090,  me¬ 
dium,  sharp;  1030,  strong,  sharp;  960-950,  doublet, 
strong,  sharp;  875,  medium,  sharp;  850-830,  very  strong, 
broad;  775,  755,  740,  725,  710,  and  680,  weak,  sharp.  10 

The  compound  dissolves  readily  in  acetonitrile. 

B.  A  reaction  vessel,  equipped  with  a  reflux  condenser, 
is  charged  with  40  ml.  of  liquid  bromine  and  2  g.  of 
[H2B'2N(CH3)3]C1  is  added  in  small  portions  with  stir¬ 
ring.  After  the  initial  reaction,  which  is  exothermic,  15 
subsides  the  mixture  is  heated  to  reflux  temperature  for 
one  hour.  The  mixture  is  cooled  and  maintained  under 
reduced  pressure  until  unreacted  bromine  is  removed. 

The  residue  is  dissolved  in  water  and  an  aqeous  solution 
of  NH4PF0  is  added  with  stirring.  A.  crystalline  solid 
precipitates  which  is  separated  by  filtration  to  yield  about 
4.4  g.  of  [HBrB-2N(CH3)3lPF0.  The  infrared  absorp¬ 
tion  spectrum  is  identical  with  the  spectrum  of  the  com¬ 
pound  obtained  in  Part  A. 

Example  XXX IV 

A.  A  reaction  vessel  is  charged  with  about  -1  ml.  of 
pcroxysulfuryl  difluoridc,  i.e.  S303F2  [see  Wannegat  and 
Minnesken,  Z.  anorg.  u.  allgem.  Chem.  278,  310-25 
(1955)1,  and  about  0.5  g.  of  [H3B-2N(CH3)31PF9,  pre¬ 
pared  as  described  in  Example  XI-C  by  using 

[H2B-2N(CH3)3]C1 

is  added  in  small  portions  with  stirring.  An  exothermic 
reaction  sets  in  and  brown  fumes  arc  released;  with  addi¬ 
tion  of  a  larger  portion  of  the  boron  reactant,  a  vigorous 
puffing  reaction  develops  and  charring  occurs  with  loss  of 
a  substantial  quantity  of  the  reaction  mixture.  The  por¬ 
tion  which  remains  is  collected  and  agitated  with  water. 

A  white,  insoluble  product  is  separated  by  filtration  and 
it  is  crystallized  from  hot  water  to  obtain  about  0.14  g. 
of 

bis(fluorosulfato)bis(trimethylamine)boron(  1  + ) 

hexafiuorophosphate 

in  the  form  of  transparent  prisms.  The  identity  is  con¬ 
firmed  by  elemental  analysis. 

Analysis. — Calculated  for  [(FS03)2B-2N(CH3)3]PF8: 

C,  15.2;  H,  3.84;  N,  5.94;  S,  13.62.  Found:  C,  15.48; 

H,  3.97;  N,  5.10,  5.28;  S,  14.25,  13.00. 

B.  A  reaction  vessel  is  charged  with  about  20  ml.  of 
hcxafluoropropcnc  dimer,  i.e.,  perfluorodimcthylcyclobu- 
tane,  containing  2-4  nil.  of  S208F2'  About  1  g.  of 
[HjU^NtCH^slPFe,  prepared  as  described'in  Example 
Xf-C  by  using  [H2B-2N(CH3)3]C1  instead  of 

[H2B-2N(CH3)2C2H6]C1 

is  added  to  the  solution  and  the  resulting  slurry  is  stirred 
for  about  3  hours  at  prevailing  atmospheric  tcmperalure 
(about  25°  C.),  The  mixture  becomes  dark  and  a 
gummy  solid  forms  which,  with  continued  stirring,  be¬ 
comes  granular.  At  the  end  of  3  hours,  water  is  added 
to  the  mixture  with  stirring  and  the  dark  solid  which  is 
present  is  separated  by  filtration.  An  aqueous  solution 
of  ammonium  hexafiuorophosphate  is  added  to  the  filtrate 
with  stirring  and  the  while  precipitate  which  forms  is  03 
separated  by  filtration  to  yield  0.45  g.  of  the  compound 
of  Part  A,  i.e.,  [(FS03)2B'2N(CH3)3|PFc.  The  product 
is  further  purified  by  rccrystallizntion  from  hot  water 
containing  a  small  quantity  of  ammonium  acid  difluoridc 
(NH4HF2)  to  obtain  0.175  g.  of  the  compound  as  trans-  70 
parent  crystals.  The  analyses  are  as  follows:  C,  15.67; 

II,  4.00:  N,  5.86,  5.77;  3,  13.64,  13.71;  P,  6.66,  6.07;  F, 
31.65.  These  values  compare  favorably  with  the  calctt- 
JMoA  ii'J'T-s  iifvvii  " 

The  dark  solid,  isolated  previously  in  the  filtration  step,  75 
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is  dissolved  in  hot  water  containing  NH4HF2.  The  solu¬ 
tion  is  cooled  and  crystals  form  which  arc  separated  to 
yield  0.40  g.  of  [FSO3)2B-2N(CH3)3IPF0.  The  infra¬ 
red  absorption  spectrum  of  the  compounds  isolated  in 
Part  A  and  in  this  fart,  taken  in  a  Nujol  mull,  shows  the 
following  bands  (exclusive  of  the  bands  coincident  with 
Nujol  and  expressed  as  cm.-1)'.  1480,  medium,  sharp; 
1440,  strong,  sharp;  1240,  strong,  sharp;  1215,  medium, 
sharp;  1120,  very  weak,  sharp;  1080,  strong,  broad;  1040, 
strong,  broad;  960,  medium,  broad;  940,  very  weak,  sharp; 
£95,  medium,  sharp;  840,  strong,  broad;  820,  medium, 
sharp;  and  740,  720,  weak,  broad. 

The  compound,  when  burned,  shows  the  green  color 
characteristic  for  boron.  It  possesses  excellent  resistance 
to  hydrolysis.  It  is  sparingly  soluble  in  polar  organic  sol¬ 
vents,  c.g.,  acetonitrile,  but  dissolves  readily  in  aqueous 
solutions  of  polar  organic  liquids. 

Passage  of  an  alcoholic  solution  of 

[(FSO3)2B-2N(CH3)3]PF0 

through  a  column  charged  with  a  chloride  ion  exchange 
resin,  as  described  in  Example  XX,  yields  an  alcohol  solu¬ 
tion  of  [(FS03)3B-2N(CH3)31CI.  Evaporation  of  the 
solution  to  dryness  yields  the  chloride  in  solid  form. 

Example  XXXV 

Liquid  bromine  (excess)  is  added  to  a  small  portion  of 
the  diluent  obtained  as  described  in  Example  XXIII, 
Part  B.  The  effluent  contains 

[1I,B-CII)N  ^NCIIjICI 

The  mixture  is  boiled  to  remove  excess  bromine.  The 
solution  at  this  point  contains 

[IinrUCIIiN  NCII|]C1 

An  aqueous  solution  of  NH4PF8  is  added  to  the  solution 
and  the  solid  which  forms  is  separated,  washed  and  dried. 
The  product  is  N,N'  -  dimethylpiperazine  -  monobromo- 
monohydroboronf  1  + )  hexafiuorophosphate. 

Analysis. — Calc’d  for 
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Br,  22.77;  C.  20.53;  H,  4.31;  P,  8.83.  Found:  Br,  22.1 1; 
C,  21.20,  21.46;  H,  4.71,  4.69;  P,  8.75,  8.75. 

The  infrared  spectrum  of  the  compound  shows  bands 
at  the  following  wavelengths  (expressed  as  cm.-1):  2550, 
weak,  sharp;  1340,  weak,  sharp;  1300,  medium,  sharp; 
1230,  medium,  sharp;  1180,  medium,  sharp;  1160,  weak, 
sharp;  1100,  strong,  sharp;  1000,  weak,  sharp;  940,  weak, 
sharp;  850,  very  strong,  broad;  735,  weak,  sharp;  710 
medium,  sharp. 

Example  XXXVI 

A  20-mi.  sample  of  0.8  M  H2B[N(CH3)3|2+OII-  was 
neutralized  with  aqueous  hydrogen  fluoride  in  a  poly¬ 
ethylene  beaker  cooled  to  0°.  A  1:1  mixture  of  fluorine 
and  nitrogen  was  passed  into  the  solution  (ca.  3  l./hr.). 
Aliquots  were  removed  at  intervals,  treated  with  aqueous 
Nil,PFn,  and  the  infrared  spectrum  of  the  salt  was 
checked.  Fuorination  was  continued  for  a  total  of  98 
min.,  at  which  time  the  B — H  absorption  in  the  infrared 
spectrum  had  disappeared.  The  solution  was  neutralized 
and  treated  with  aqueous  NH4PF8.  The  precipitate  was 
recrystallizcd  from  hot  water  to  give  2.0  g.  (3791')  of 
F2fi|N(CH3)3i2iPF8-  ns  white  needles,  M.P.  174-176  . 

Analysis. — Calculated  for  F2B|  N(CH3);il2+PF8_:  C, 
23.1;  11,  5.8;  N,  9.0;  P,  9.9;  F,  48.7.  Found:  C,  23.5; 

The  F19  n.m.r.  spectrum  of  the  product  in  acetonitrile 
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consisted  of  a  quadruplet  due  to  the  cation  (Jbp=37 
c.p.s.)  and  a  doublet  due  to  PFj-. 

Example  XXX  VII 

A  10-ml,  portion  of  0.8  M  aqueous 

H2B[N(CH3)3l2+OH- 

was  neutralized  witn  aqueous  hydrogen  tluoride  and  the 
solution  was  fluorinated  as  described  in  the  preceding 
example.  Fluorination  was  continued  lor  40  min.,  at 
which  time  the  infrared  spectra  of  aliquots  had  reached 
a  transition  point  and  remained  constant  for  10  minutes. 
Changes  in  the  infrared  were  the  collapse  of  the  B — H 
doublet  to  a  weak  singlet  (with  shoulder),  complete  dis¬ 
appearance  of  the  1000  cm.-1  band,  and  the  appearance 
of  a  more  or  less  symmetrical  triplet  centered  at 
1180  cm.-1.  The  reaction  solution  was  then  neutralized 
with  20%  NaOH  and  filtered,  and  the  filtrate  was  treated 
with  concentrated  aqueous  NH4PFa.  The  precipitate  was 
recrystallizcd  from  hot  water  to  yield 

HFB[N(CH3)3]a+PF6- 

as  white  crystals,  M.P.  159-160°. 

'Analysis.— Calc’d  for  HFB[N(CH3)3]2+PF0-:  C,  24.5; 
H,  6.5;  N,  9.5;  F,  45.2;  P,  10.5.  Found:  C,  24.3;  H,  6.5; 
N,  9.3;  F,  45.6;  P,  10.1. 

The  F19  n.m.r.  spectrum  of  the  product  showed  it  to 
contain  some  F2B-2N(CH3)2PFe  since  a  quartet  due  to 
F2B[N(CH3)3]2+  was  found.  The  F19  resonance  of 
HFB-2N(CH3;a+  was  an  unresolved  multiplet  centered  at 
117  p.p.m.  in  which  both  BF  and  HF  splitting  are  to  be 
expected. 

All  of  the  products  containing  the  substituted  cations 
described  in  Examples  XXIV  through  XXXVII  can  be 
obtained  as  the  chloride,  if  needed,  by  employing  the 
chloride  ion-exchange  technique.  The  chlorides  are  con¬ 
verted  to  free  bases  by  reaction  with  freshly  washed  Ag20. 
By  using  the  processes  described  in  these  examples,  com¬ 
pounds  of  the  following  formulas  are  obtained: 

[HBrB*2N(CH3)310H,  [IIC1B-2N(CH3)310H, 
[FClB-2N(CH3)3]OH,  [F2B-2N(CH3)j]OH, 

[HBF-2N(CH3)3]OH,  and  ((FS03)3B-2N(CH3)3]0H. 

Bases  of  the  type  illustrated  above  can  be  neutralized 
with  a  wide  variety  of  acids  to  provide  compounds  in 
which  Z  represents  a  wide  range  of  anions'of  the  type 
illustrated  in  previous  paragraphs. 

Many  of  the  salts  of  the  general  formula 

[BH2_y.X’y-/nCH3NRIVRV]nlZ 

are  water-soluble.  They  are  readily  obtained  in  solution 
by  mixing  an  aqueous'  solution  of  a  salt  containing 
the  appropriate  cation  Z,  with  an  aqueous  solution  of 
BHj_y-XV»iCH3NRIVRvCl,  as  illustrated  below. 


Reagent  Mixed 

Product  Formed 

.IWfHM  J  JTi+i  . 

. 

HCt+AlCli . 

KNOi . 

KIOj . 

HilHCli . 

13  fc  1  iTjTail  CCI4 

B  Iil3r-2N  (C  Hi)  j)  A1C1« 
BCli2N(CHj)3lNOi 
BBrj-2N’(Clii)3jIOi 
BlICl^NiCHsbhl'tCU 

NuBIIi . 

B!iCl‘2N(C!h)s  Dili 

Nnl . 

Kllr . 

NallCOj . 

BFi‘2N(CII0j][ 

BCIj.2N(OI[3)3lBr 

BI'V2XrCIIAi]llCOi 

NiuCOj . 

jici+ukcii . 

NuiHiollio . 

Aminoiiiucul  N IIiCr(SCN)«. . . 

Kif’riO; . 

iiic:.o, . 

NujI’O* . 

i)iici.2.\(ctfi>i1iri:(:ij 

IICI|.'*N(CIt>)jj»l»uHi» 

IIFi.2.V<nH,h)(Cr(SON),(NU))i) 

MIKMNtClljhliCnOj 

HIIC|.2X(Clljlj|iCiO» 

The  novel  classes  of  compounds  of  this  invention  are 
generally  useful  as  sequestering  agents  for  metals,  espe¬ 
cially  heavy  metals.  For  example,  the  admixture  of  an 
aqueous  solution  of  HAuCI4  to  an  aqueous  solution  of 
[HCIB-2N(CH3)3]C1  results  in  the  precipitation  of 
(fTljijJ  Avfl,  *  v'AuI  vihtt-  uiin  (_,i 


by  conventional  means,  c.g.,  filtration  or  decantation.  In 
addition,  a  mixture  of  hydrocarbons  in  the  boiling  range 
of  gasoline,  which  contains  in  solution  a  copper  salt  of 
an  organic  acid  (copper  stearate)  can  be  thoroughly 
5  agitated  with  an  aqueous  ammoniacal  solution  of 
NaB12H|iN(C2He)3.  The  hydrocarbon  layer,  which  is 
separated  from  the  aqueous  reagent,  is  completely  free  of 
the  deleterious  copper  salt. 

Thus,  copper,  nickel,  cobalt,  zinc  and  cadmium  are  re- 
jq  moved  from  aqueous  solutions  of  salts  containing  these 
metals  by  mixing  the  solutions  with  an  ammoniacal  solu¬ 
tion  of  an  alkali  metal  or  an  alkaline  earth  metal  salt  of 
the  B^HuNRRtR11  anion,  e.g.,  the  sodium,  potassium, 
lithium,  cesium,  calcium  or  magnesium  salts  of  the 
15  Bi2HnN(C2H5)3  anion.  The  ammonium,  tetraalkylam- 
monium,  trialkylsulfonium,  tetraalkylphosphonium  salts 
and,  in  general,  the  nitrogen-base  salts,  are  also  useful  in 
the  field  of  sequestering  agents  to  remove  undesirable 
metals  from  aqueous  or  hydrocarbon  media. 

20  The  dodecahydrododecaborates(2— )  can  be  used  as 
sequestering  agents  for  metals,  as  described  in  the  preced¬ 
ing  paragraphs. 

The  acids  HB12H1]_yXy-NRRIRn  are  useful  for  recov¬ 
ering  by-product  amines  from  waste  solutions  or  waste 
25  gases.  To  illustrate,  a  by-product  solution  of  N-methyl- 
cyclohexylamine  is  contacted  with  an  aqueous  solution  of 
HB12HuN(C2H6)3  and  the  amine  is  recovered  as  an  in¬ 
soluble  salt  of  the  anion.  The  acids  in  aqueous  solution 
are  useful  in  metal  processing  operations,  e.g.,  in  scale 
30  removal  and  as  agents  for  etching  metais. 

The  salts  of  the  novel  anion-containing  compounds  can 
be  employed  to  prepare  the  corresponding  acids  which 
are  useful  as  shown  above. 

The  trialkylammonium  salts,  e.g., 

33  '  (CsH^NHBjjHuNfCjHjh 

fluoresce  under  ultraviolet  light.  Salts  possessing  this 
property  are  useful  as  components  of  marking  inks  em¬ 
ployed  for  identification -purposes. 

40  Salts  of  the  general  formula 

[BH2_yX'y-,2CH3NRIVRvjn.Z 

can  be  converted  to  the  free  base  by  contacting  aqueous 
solutions  of  the  salt  with  a  basic  ion-cxchange  resin.  The 
base  is  a  strong  base  in  aqueous  solution  and  these  solu- 
45  tions  are  useful  in  neutralizing  acidic  products  or  in 
scavenging  such  products  from  atmospheres  which  con¬ 
tain  them. 

All  of  the  compounds  of  the  invention  in  which  the 
anion  Z  is  a  group  other  than  — OH  can  be  used  as 
50  intermediates  in  the  preparation  of  compounds  of  the 
formula  [BH2_y.X'y.  mCH3NRIVRvjOH  by  processes 
described  in  tbe  examples.  The  compounds  of  this  for¬ 
mula  are  strong  bases  and  in  aqueous  or  alcohol  solutions 
they  are  useful  as  agents  for  absorbing  acidic  gases.  For 
55  example,  an  aqueous  solution  of  [F2B-2N(CH3)3]OH 
absorbs  C02,  HC1,  HBr,  H2S,  S02,  and  the  like,  from 

Vufetflt  Ly-ptvjJnctt  jf  drc.nfcai  reactions; 

The  novel  cation-containing  compounds  are  generically 
useful  as  impregnating  agents  for  cellulosic  composi- 
00  tions  to  aid  combustion  and  to  provide  shaped  residues 
useful  in  the  preparation  of  resistors.  To  illustrate,  a 
section  of  cellulose  string  is  immersed  in  a 'methylene 
chloride  solution  of  [H2B'2N(CH3)3]2B12Hi2  for  a  short 
period.  The  string  is  withdrawn  from  the  solution  and 
05  the  solvent  is  removed- by  air-drying.  A  free  flame  is 
applied  to  the  dried  impregnated  string  and  it  burns 
easily.  The  residue  from  the  impregnated  string,  after 
burning,  has  a  size  and  shape  similar  to  the  original 
string  and  the  residual  skeleton  is  of  sufficient  coherence 
70  to  permit  embedding  in  paraffin.  The  section  of  resi¬ 
due,  so  treated,  has  a  resistance  of  about  100  ohms/inch. 
The  residue  from  a  control  section  of  string  (untreated) 
is  very  small  and  it  cannot  be  handled. 

The  new  classes  of  compounds  described  in  the  inven¬ 
ts  (toi  indtHtK'E  ptbiJiwU  ttouHiif  4he  nivcf  aaki  i  if# 
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nincl  anions,  arc  useful  ns  combustible  components  of 
compositions  employed  in  fireworks  displays  to  impart 
a  pleasing  color  to  the  display. 

The  invention  therefore  provides  a  simple,  economical 
method  for  obtaining  valuable  classes  of  compounds  which 
find  applications  in  many  fields. 

As  many  apparently  widely  different  embodiments  of 
litis  i  itor.ti'in  may  he  made  without  departine  from  the 
spirit  and  scope  thereof,  it  is  to  be  understood  that  this 
invention  is  not  limited  to  the  specific  embodiments  there¬ 
of  except  as  defined  in  the  appended  claims. 

The  embodiments  of  the  invention  in  which  the  exclu¬ 
sive  property  or  privilege  is  claimed  arc  defined  as  follows: 

1.  A  compound  of  the  formula 

MfUisHn-yXyNURW^n 

wherein 

M  is  a  cation  of  valence  1-4  inclusive; 

X  is  halogen; 

R  and  R«  are  selected  from  the  class  consisting  of 
( 1 )  individually,  aliphalically  saturated  hydrocarbon 
of  I  through  18  carbon  atoms,  and  (2)  joined  to- 

•  geihcr,  a  divalent  group  selected  from  the  class  con¬ 
sisting  of  alkylcnc  of  4  through  6  carbon  atoms, 
ethereal  oxygen-interrupted  alkylcne  of  4  through  6 
carbon  atoms,  and  loweralkylamino-interrupted  al¬ 
kylcne  of  4  through  6  carbon  atoms,  which  forms 
a  ring  with  the  amino  nitrogen  of  the  NRR'R11 
moiety; 

Rtt  is  aliphalically  saturated  hydrocarbon  of  1  through 
18  carbon  atoms  which  can  contain  up  to  one  di- 
loweralkylamino  substituent  located  on  a  carbon  at 
least  once  removed  from  the  carbon  bonded  to  the 
amino  nitrogen  of  the  NRR‘Rn  moiety;  said  R,  R1 
and  R>«  groups  being  bonded  to  the  amino  nitrogen 
of  the  NRR*RH  moiety  by  a  saturated  aliphatic  car¬ 
bon; 

y  is  a  cardinal  number  of  from  0  through  11;  and 

n  is  a  positive  whole  number  equal  to  the  valence  of  M. 

2.  The  compound  of  claim  1  wherein  M  is  a  metal. 

3.  The  compound  of  claim  1  wherein  M  is  hydrogen. 

4.  A  compound  of  the  formula 

M(BijHu,NRRIRu)n 
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m  is  a  positive  whole  number  equal  to  2  divided  by  the 
number  of  nitrogens  in  the  CH3NRIVRV  moiety. 

9,  The  compound  of  claim  8  wherein  RIV  and  Rv  are 
alkyl  of  1  through  4  carbon  atoms  bonded  to  the  amino 

5  nitrogen  of  the  CH3NRIVRV  moiety  by  a  carbon  bonded 
to  at  most  one  other  carbon  atom;  y  and  y'  are  each  0; 
and  m  is  2. 

10,  A  compound  of  the  formula 


[BH2_y-X  V  ■  mCH3NRIVRv]n-Z 

10  ,  . 

-  wherein 


Rtv  and  RV  are  selected  from  the  class  consisting  of 
(1)  individually,  alkyl  groups  of  1  through  4  carbon 
atoms  in  which  RIV  can  contain  a  dimethylamino 
substituent  located  on  a  carbon  at  least  once  removed 
from  the  carbon  bonded  to  the  amino  nitrogen  of  the 
CH3NRIVRV  nioiety,  and  (2)  joined  together,  a  di¬ 
valent  group  of  the  formula  — CH2CH2QCH2CH2 
wherein  Q  is  of  the  class  consisting  of  — CHr—  and 
20  _ N(ClI-)i — ;  RlV  ar.d  Rv  being  bonded  to  the  ami¬ 

no  nitrogen  of  the  CH3NRIVRV  nioiety  by  a  carbon 
bonded  to  at  most  one  other  carbon  atom; 

X'  is  selected  from  the  group  consisting  of  halogen  and 
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fluorosulfalo; 

y'  is  a  cardinal  number  of  1  through  2; 
m  is  a  positive  whole  number  equal  to  2  divided  by  the 
number  of  nitrogens  in  the  CH3NRIVRV  moiety; 

Z  is  an  anion;  and 

is  a  positive  whole  number  equal  to  the  valence  of  Z. 

11.  The  compound  of  claim  10  wherein  RIV  and  Rv 


ire  methyl  groups  and  in  is  2. 

12.  (CHjJjNHB^HuNfCHa),. 

13.  [BHa-2N(CH3)3][Bi2HnN(CH3)3]. 

-14.  HB12H„N(CH3)3. 

15.  (C-Hs^NHB^HnNfCjHsh. 

16.  [BC12-2N(CH3)31C1. 

■17.  [BH2-  (CH3)2NCH2CH2N(CH3)2l2B12HI2. 

18.  Process  for  the  formation  of  polyhydrododeca- 
jorates  which  comprises  heating  at  a  temperature  in  the 
■ange  of  75“  to  400“  C.  a  member  of  the  group  consist- 
ng  of  diborane,  pentaborane  and  decaborane  with  a 

. ,  •  1  _  _ i 


wherein 

M  is  a  cation  of  valence  1-4  inclusive;  — •  ' 

R,  R1  and  R“  arc  each  aliphalically  saturated  hydro¬ 
carbon  of  1  through  18  carbon  atoms  bonded  to  the 
amino  nitrogen  of  the  NRR!Rn  moiety  by  a  saturated 
aliphatic  carbon;  and 

n  is  a  positive  w  hole  number  equal  to  the  valence  of  M. 

5.  The  compound  of  claim  4  wherein  M  is  RR‘RnNH, 
wherein  R,  R‘  and  Rn  are  defined  as  in  claim  4. 

6.  The  compound  of  claim  4  wherein  M  is  hydrogen. 

7.  The  compound  of  claim  4  wherein  R,  R1  and  R11  are 
alkyl  groups  of  1  through  8  carbon  atoms. 

8.  A  compound  of  the  formula 

[BHj.yX'ymCHaNRivRVJtBisHn^Xy-CHjNRiVRV] 

wherein 

R*v  and  Rv  are  selected  from  the  class  consisting  of 
( 1 )  individually,  alkyl  groups  of  1  through  4  carbon 
atoms  in  which  R,v  can  contain  a  dimethylamino 
substituent  located  on  a  carbon  at  least  once  removed 
from  the  carbon  bonded  to  the  amino  nitrogen  of  the 
C1I3NRivRv  moiety,  and  (2)  joined  together,  a  di¬ 
valent  group  of  the  formula  — OhClhQCHaf'Hu— 
wherein  Q  is  of  the  class  consisting  of  — Cl  I# — 
and  — N(CH3)— ;  RIV  and  Kv  being  bonded  to  the 
amino  nitrogen  of  the  CH3NRIVRV  moiety  by  car¬ 
bon  bonded  to  at  most  one  other  carbon  atom; 

X  is  halogen; 

X’  is  of  the  group  consisting  of  halogen  and  lluoro- 
Milftrto; 

y  is  *i  tui iKttiif’ 1  '5  ^  l  -11 o' *  ^ 

/  is  a  cardinal  number  of  0  through  2;  and 
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RRIRUN— BH3 

wherein 

R  and  R1  arc  selected  from  the  class  consisting  of  (1) 
individually,  aliphatically  saturated  hydrocarbon  of 
1  through  18  carbon  atoms,  and  (2)  joined  together, 
a  divalent  group  selected  from  the  class  consisting  of 
alkylene  of  4  through  6  carbon  atoms,  ethereal  oxy¬ 
gen-interrupted  alkylene  of  4  through  6  carbon  atoms, 
and  loweralkylamino-interrupted  alkylene  of  4 
through  6  carbon  atoms,  which  forms  a  ring  with 
the  amino  nitrogen  of  the  NRR’Rnmoiety; 

R11  is  aliphatically  saturated  hydrocarbon  of  1  through 
18  carbon  atoms  which  can  contain  up  to  one  di- 
lowcralkylamino  substituent  located  on  a  carbon  at 
least  once  removed  from  the  carbon  bonded  to  tho 
amino  nitrogen  of  the  NRR!Rn  moiety; 

said  R,  Ri  and  RK  groups  being  bonded  to  the  amino 
nitrogen  of  the  NRR*RW  moiety  by  a  satiirated  ali¬ 
phatic  carbon. 

19.  The  process  of  claim  18  wherein  the  adduct  is 
formed  in  situ  by  treating  diborane  with  the  tertiary 
amine  RR,RUN,  wherein  R,  R1  and  Rn  are  defined  as  in 
claim  18,  at  n  temperature  in  the  range  of  —80“  C.  to 
35“  C. 

20.  Process  for  the  formation  of  polyhydrododcca- 
borates  which  comprises  heating  at  a  temperature  in  the 
range  of  75“  to  400“  C.  a  member  of  the  group  consist¬ 
ing  of  diborane,  pentaborane  and  decaborane  with  a 
tertiary  aminc-borane  adduct  of  the  formula 
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RRIRUN— BH3 
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wherein  R,  R1  and  Rn  are  alkyl  groups  of  1  through  8 
carbon  atoms.  ,  T 

21.  The  proccis  of  claim  JO  wherein  R,  R1  and  R“ 

are  meth>l  groups.  ...... 

22.  Process  for  the  formation  of  a  compound  ot  toe  t> 

formula  _ _ 

[BIIj,2N(CH,)j]B,jH1|N(CH|)i 

which  comprises  heating  at  a  temperature  in  the  range  of 
100’  to  300*  C.  diborane  with  trimethylamine-borane 
adJuet.  and  ‘solum#  the  resulting  product.  10 

23.  Process  which  comprises  contacting  a  member  of 
the  class  consisting  of  (BHj-»iCHjNR1vRv)*B3:Hu  and 
(Blfj,«iCHjNR,vRvHB.!H,i,CHjNRtvRv)  wherein  m 

is  a  positive  whole  number  of  from  1-2  whose  value  is  j_ 
equal  to  2  divided  by  the  total  number  of  nitrogen  atoms 
in  the  CHjSR,vRv  group:  and  RIV  and  Rv  are  selected 
from  the  class  consisting  of  (1)  individually,  alkyl  groups 
of  1  through  4  carbon  atoms  in  which  RIV  can  contain  a 
dimcthvljmino  substituent  located  on  a  carbon  at  least 
once  removed  from  the  carbon  bonded  to  the  amino  ni¬ 
trogen  of  the  CHjNRivRv  moiety,  and  (2)  joined  to- 
gethe’r,  a  divalent  group  of  the  formula 

— CHjCHjQCHjCHj— 

wherein  Q  is  of  the  class  consisting  of  — CHj—  ar.d 

_ jC(CHj) ;  RIV  and  Rv  being  bonded  to  the  amino 

nitrogen  of  the  CHjNRrvRv  moiety  by  a  carbon  bonded 
to  at  most  one  other  carbon  atom;  with  a  strongly  basic 
ion-cxchange  resin,  and  isolating  the  resulting  gg 

(BHj-mCHjNRIVRv)OH 

24.  Process  which  comprises  reacting  a  compound  se¬ 
lected  from  the  class  consisting  of 

(BH,mCH3NRivRv)OH  33 

and  (BHj'/nCHjNR,vRv)Cl  wherein  m  is  a  positive 
whole  number  of  from  1-2  whose  value  is  equal  to  2  di¬ 
vided  by*  the  total  number  of  nitrogen  atoms  in  the 
CHjNR,vRv  moiety;  and  RIV  and  Rv  are  selected  from 
the  <la»s  condsting  of  (1)  individually,  alkyl  groups  of 
1  through  4  carbon  atoms  in  which  RIV  can  contain  a  di- 
methylamino  substituent  located  on  a  carbon  at  least  once 
removed  from  the  carbon  bonded  to  the  amino  nitrogen 
of  the  CHjNRIVRv  moiety,  and  (2)  joined  together,  a 
JivafeM  gre-jp  ot  dio  futuiufJt  -CTfjCHaQOt^Hr— 
wlhtrcm  Q  is  of  the  class  consisting  of  — CHj —  and 

_ N(CHj) — ;  RIV  and  Rv  being  bonded  to  the  amino 

nitrogen  of  the  CH,NRIVRV  moiety  by  a  carbon  bonded  to 
at  most  one  other  carbon  atom;  with  an  acid  containing  g^ 
a  water-soiubie  anion,  Z,  ivlititopoit  mcii.atlrvsis  oecst* 
to  produce  a  compound  having  the  formulas 

(BHa'WiCHjNRlvRv)n'Z  . 


where  »i*  is  a  positive  whole  number  equal  to  the  valence 

of  Z.  . 

25.  Process  which  comprises  reacting  a  compound  se¬ 
lected  from  the  class  consisting  of 


and 


[BHa-2S(CH3),]  [B,aH„  S(CH,)al 
[BHa'2S(CHi)alaBiaH,a 


with  a  tertiary  amine  of  the  formula  CHjNR.I',Rv  where¬ 
in  Rtv  and  Kv  are  selected  from  the  class  consisting  ot 
{ 1 )  individually,  alkyl  groups  of  1  through  4  carbon 
atoms  in  'which  RIV  can  contain  a  dimethylamino  sub¬ 
stituent  located  on  a  carbon  at  least  once  removed  from 
the  carbon  bonded  to  the  amino  nitrogen  of  the 
CH3NRivRv  moiety,  and  (2)  joined  together,  a  divalent 
group  of  the  formula  — CHjCHjQCHaCH;! —  wherein  Q 
is  of  the  class  consisting  of  — CHa —  and  — N(CH31— ; 
Rtv  and  Rv  being  bonded  to  the  amino  nitrogen  of  the 
CHjNRtVRV  moiety  by  a  carbon  bonded  to  at  most  one 
other  carbon  atom,  and  isolating  the  resulting  products. 

26.  Process  which  comprises  reacting  a  compound  of 
the  formula 

( BHj  •  mCHjNRtVRV )  n,z 

wherein  m  is  a  positive  whole  number  of  from  1-2  whose 
value  is  equal  to  2  divided  by  the  total  number  of  nitro¬ 
gen  atoms  in  the  CH3NRIVRV  moiety;  Z  is  an  anion;  n'  is 
a  positive  whole  number  whose  value  is  equal  to  the 
numerical  value  of  the  ionic  charge  on  Z;  and  R*y  and  Rv 
are  selected  from  the  class  consisting  of  (1)  individually, 
alkyl  groups  of  1  through  4  carbon  atoms  in  which  RIV 
can  contain  a  dimethylamino  substituent  located  on  a  car¬ 
bon  at  least  once  removed  from  the  carbon  bonded  to 
the-amino  nitrogen  of  the  CH3NRIVRV  moiety,  and  (2) 
joined  together,  a  divalent  group  of  the  formula 

— CHjCHaQCHaCHj — 

wherein  Q  is  of  the  class  consisting  of  — CHa —  and 
— N(CHj)— ;  RIV  and  Rv  being  bonded  to  the  amino 
nitrogen  of  the  CH3NRIVRV  moiety  by  a  carbon  bonded 
to  at  most  one  other  carbon  atom,  with  a  reagent  se¬ 
lected  from  the  class  consisting  of  halogen  and  peroxy- 
sulfuryl  difluoride,  and  isolating  the  resulting  product. 

No  references  cued. 

CHARLES  H.  PARKER,  Primary  Examiner. 

CARL  D.  QUARFORTH,  Examiner. 

L.  A.  SEBASTIAN,  R.  L.  KAf  MONli, 

Assistant  Examiners. 


3,295,260 

Patented  Jan.  3,  1967 


'.United  States  Patent  Office 


3, 296, 269 

NEUTRAL  A  NO  SINGLY  CHARGED  DERIVATIVES 
‘OF  BKCA!iO«ANTS  AND  DKCABOJIATKS 
Waller  H.  Knoth,  Jr.,  Men.  .nhnll,  Fa.,  assignor  io  E.  I. 

dii  !>(•:;{  lie  Nemours  anil  Company,  Vi'llwingfon,  Del., 

A  c-afTorjBar  ef  Delaware 

No  Drawing.  Filed  J:m.  13,  1903,  Sar.  No.  251,657 
21  Claim,.  (U.  260—247) 

This  application  is  a  contii.uation-in-part  of  my  co¬ 
pending  application,  Serial  No  123,032,  filed  June  30, 
1961,  now  abandoned. 

This  invention  relates  to  new  toron  compounds  and  io 
processes  for  their  prep:  rtion.  More  particularly,  it  re¬ 
lates  to  new  boron  compounds  hating  a  plurality  of  boron 
and  hydrogen  atoms. 

Boron  compounds,  particularly  boron  hydrides,  have 
achieved  tcehnica1  importance  in  recent  years  in  the  field 
of  high  energy  fuels.  In  other  potential  applications 
hafv-n  •.empohtvh,  iivUidtaig  heron  hydrides,  halides  and 
alkyls,  have  been  severe!*'  1‘mited  by  hydrolytic,  oxidative 
and  oihwr  types  of  ins!  bilily.  To  illustrate,  diborane, 
chlorodihornnc,  per.tab.'ane  and  trialkylboron  com¬ 
pounds  arc  spontaneously  flammable  i.i  air.  Dibora  nr, 
pcntaborane(9),  elfiorodiborane,  boron  trichloride,  iodo- 
deeaborane(!4)  and  roost  other  boron  halides  are  rapidly 
hydrolyzed  in  water  or  alcohol.  Other  classes  of  boron 
compounds  e.g.,  the  borazoles,  are  hydrolyzed  by  contact 
with  water.  Borazoles  also  have  poor  thermal  stability 
ai-fl  tney  show  reducing  properties  in  chemical  reactions, 
e.g.,  benzoles  reduce  silver  nitrate.  Even  ihe  ir.ort  stable 
known  boron  hydride,  i.e..  dicaborar.et  14),  is  hydrolyzed 
at  a  moi’eiate  rate  in  water  Known  ionic  boroliydrides, 
e.g.,  letrahydroboraics  (Nal.H.;  and  the  like),  are  similar¬ 
ly  hydrolyzed  at  a  rapid  rate  at  100c  C. 

This  invention  is  directed  to  broad  class  of  boron 
compounds  which  have  stability  characteristics  that  are 
unusual  among  boron  compounds.  The  compounds  of 
the  invention  generally  show  hydrolytic,  oxidative  and 
cher.hw.il  stabilities  normally  associated  with  aromatic 
compounds. 

D'i'uiilioit  an  I  description  of  new  compounds 

The  novel  boron  compounds  of  this  invention  consist  of 
ten  conjoined  beran  atoms  cf  which  at  least  eight,  and  at 
most  nine,  of  the  hoton  atoms  are  bonded  to  hydrogen 
atoms  or  to  groups  capable  of  bonding  to  a  nuclear  carbon 
which  is  a  member  of  a  htnrrnc  ring;  the  compounds  con¬ 
sisting  further  of  at  least  one,  and  at  most  two.  groups 
which  arc  selected  from  organic  sulfides,  organic  sulfones, 
tri-subsiitutcd  phosphines,  tertiary  aniiacs,  carboxylic 
amides,  and  nitriles:  any  remaining  component  in  said 
compound  being  a  group  which  can  form  a  caiio.i  in  aque¬ 
ous  solution. 

The  polyboron  compounds  cf  the  invention  arc  repre- 
*txU?*J  by  l*  "  KBawlltf  "(MWrir  nvtJijdil  • 

M  (2-nt  t  BI0H„_„_pf,  •  nZ)  „<»-  »  ( 1 ) 

where  >.l  ,s ci.tij.i,  i.t.,  an  r.'.am  or  group  of  ntouve  which, 
in  aqueous  solution,  can  form  positively  charged  ion 
having  a  valence  of  1-3,  inclusive;  X  is  a  group  which  can 
be  bonded  t.)  a  nuclear  carbon  of  a  carnocyciic  aromatic 
comnound  bv  replacement  of  hydrogen;  Z  is  an  orgar.ic 
sulfide,  an  oigania  suifone,  a  tertiary  phosphine,  a  tertiary 
amine,  an  amide  cf  a  carboxylic  aci.  or  a  nitrile;  n  is  1 
or  ?.;  (2--n)  represents  the  number  of  M  groups  whicli 
arc  present  in  the  compound;  (it— 2)  represents  the  ionic 
ch'itge,  also  called  valtnre,  :•{  he  group  in  brackets,  i.e., 
(lie  anion;  v  has  a  value  cf  0  o  (1C  — u)  and  b  has  a  value 
of  at  least  1  and  is  otherwise  equal  to  'die  valence  of  M. 
The  group  X  is  further  defac'd  as  derivable,  directly  or 
iMthHyy  (***  w  k  -gw*-  Ts  fveffKtrt# 


discussion,  the  group  X  will  be  referred  to  hereinafter 
as  an  ‘‘electrophilic  group.” 

The  croup  X  is  still  further  defined  bv  considering  the 
method  by  which  the  substituent  is  introduced  into  the 
5  boron  compound.  The  different  methods  are  as  follows: 
ft)  tf  tknrepunic  .'ubstiviilon,  i.»„  isdfaJs  w!ih*  tend 
to  a  nuclear  carbon  of  a  carbocyclic  aromatic  ring  by  re¬ 
placement  of  hydrogen;  (2)  by  modification  of  an  X  group 
already  attached  to  boron  by  synthetic  methods  coin- 
]0  ir.only  known  to  organic  chemists  for  modification  of 
radicals  bended  to  nuclear  carbon  of  an  aromatic  or  ben¬ 
zene  ring;  (3)  by  replacement  of  a  substituent  bonded  to 
boron.  The  sunc  radical  may  be  obtained  in  one  or  more 
ways.  For  example,  a  cyano  group  may  be  introduced  by 
j,s  rordrv'’ v '.N  nf  hi’ In  rtf  Li  iiUv  rii  roiK  cyanide  nr  bv  de¬ 
hydration  of  a 


substituent. 

The  portion  of  Formula  1  which  is  in  brackets,  i.e., 
IBuiHio-  i.  yXj  MiZ],  is  described  as  a  polyhedral  boranc 
2>  having  a  cage  structure.  The  polyhedral  borane  cage, 
considered  independently  of  tlie  X  and  7  groups,  can  be 
electrically  neutral,  i.e.,  it  can  be  free  cf  any  charge  which 
is  inherent  in  the  heron  cage  structure  itself,  or  it  can  have 
a  negative  ionic  charge  cf  1.  The  definition  of  the  number 
30  of  M  groups  in  Formula  I  is  based  oa  the  charge  on  the 
boron  cage,  independently  of  the  X  and  Z  groups. 

However,  there  may  be  electrical  charges  arising  from 
the  nature  of  the  X  and  Z  groups  in  addition  to  the  charge 
associated  with  the  polyhedral  borane  cage,  as  described 
36  above.  For  example,  X  or  Z  may  bear  carboxyl  groups 
which,  in  ionic  form,  require  the  presence  of  a  cation. 
As  a  further  illustration,  X  or  Z  may  bear  basic  groups, 
e.g.,  — NHo.  which  will  form  ionizable  salts  with  acids. 
Cations  and  anions  derived  from  X  ar.d  Z  groups  are  con- 
40  sidered  to  be  part  of  these  groups  and  are  included  within 
the  scope  of  the  definition  of  X  and  Z. 

Inspection  of  generic  Formula  1  shows  that  the  poly¬ 
boron  compounds  fail  into  two  bread  subgeneric  groups 
which  are  based  on  the  value  for  it.  For  compounds 
45  when  n-=l.  the.  ionic  charge,  represented  by  (it— 2),  of 
the  group  in  bracket  becomes  —1  and  the  number  of  ca¬ 
tions,  M,  also  becomes  1.  This  subgeneric  group  is  repre¬ 
sented  by  the  following  formula: 

50  M[B,oH9_yXy-7.]b  (2) 

where  Nf,  X,  Z  and  k  are  defined  as  in  Formula  1,  and  y 
is  a  cardinal  number  of  0-9,  inclusive. 

For  compounds  where  u— 2,  the  ionic  charge  of  me 
03  group  in  brackets  becomes  0,  i.e.,  the  boron  entity  is 
wthI  die  Wwikef  at  group#  M  Mac 
becomes  0.  The-  stibge.ieiic  griup  is  represented  by  the  ' 
following  formula: 

00  BtoH,.yXy-2Z  or  B:0H,_yXy(Z)2  (3) 

where  X  and  Z  are  defined  as  in  Formula  1  and  y  has  a 
vale;  of  0-8,  inclusive.  The  compounds  of  Formula  3 
are  refer ed  to  as  “neutral  compounds”  or  “nou-ionic 
(.r  compounds.”  The  two  formulas  shown  in  (3)  are  simply 
*'  alternative  ways  of  writing  the  structures  The;,  represent 
the  same  group  'of  compounds. 

Compounds  of  Formul  s  1,  2  anJ  3  in  which  yv.O,  can 
can  be  consider. *d  to  be  the  parent  compounds  from  which 
„0  other  compounds  tire  obtained  by  procedure.,  which  in¬ 
volve  substitubon  of  hydrogen,  either  directly  or  indi- 
•wc«4’  v4kj!i  vein  te  bid  krt».  The  wvmtwHBl  ■evt 
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compodhds  fall  v  ithin  tlie  ixop t  of  live  group  of 

Formula  1  cars  be  represented  by  the  following  formula: 


hf<2-n)LBl&Hio_n'  nZ][,(n~2> 


where  M,  Z.  -  and  b  have  the  meanines  given  for  Formula 

1. 

The  compounds  of  Formula  4  can  be  divided  into  two 
subgroups  which  arc  determined  by  th?  value  of  n,  as 
described  culler  for  Formula  I,  When  /:=  1  in  Formula 
4,  the  compounds  arc  represented  as  follows: 

MiB10Hg-Z]b  (5) 

where  M,  Z  and  b  are  defined  as  in  Formula  1.  When 
n=2  in  Formula  4,  the  compounds  are  represented  by  the 
"ollowing  formula: 


BsoH3‘2Z  or  BigH2(Z)2  (6) 

where  again  Z  has  the  meaning  given  in  Formula  1.  The 
compounds  of  Formula  6  can  be  used  to  prepare  the  com¬ 
pounds  of  Formula  .5  in  many  cases,  as  will  be  described 
later.  However,  the  compounds  of  both  Formulas  5  and 
6  will  be  referred  to  hereinafter  as  "parent  compounds.” 
The  two  formulas  given  for  (6)  are,  as  in  (3),  alternative 
ways  of  writ:,  g  the  structures. 

The  novel  compounds  of  the  invention  have  a  character-  2,J 
istie  boron-containing  component  or  group  which  in  For¬ 
mulas  1.2.-.  and  5  is  the  portion  in  brackets  and  which 
in  Formulas  3  and  6  is  represented  by  the  entire  formula. 
Thus,  the  boron-containing  group  can  be  electrically  neu¬ 
tral,  i.e.,  it  can  have  an  ionic  charge  of  0,  as  in  Formulas  30 
3  and  6,  or  it  can  have  a  charge  of  —1,  i.e.,  it  can  be  a 
monovalent  inion  as,  e.g.,  in  Formulas  2,  4  and  5. 

Both  boron-containing  groups  (neutral  and  monovalent 
anion)  ha'-e  at  least  two  characteristics  in  common,  viz., 

(1)  the  component '/.  and  the  manner  in  which  it  is  joined  33 
to  the  group,  and  (2)  remarkable  and  unexpected  chemical 
behavior  which  resembles  in  many  respects  the  substitu- 


WhcLiid,  * Advanced  Oigamc  Chemistry,  pp.  80-81, 
Wiley  (1949). 

1  he  group  Z  in  the  compounds  of  the  invention  is,  there¬ 
fore,  considered  to  be  coordinately  bonded  to  the  boron 
cage  largely  through  two  electrons  both  of  which  are 
initially  contributed  by  the  Z  group. 

The  organic  radicals  (R)  which  are  part  of  the  Z  groups 
are  bonded  to  the  sulfur,  nitrogen  or  phosphorus  through 
carbon,  i.e.,  the  radicals  form  carbon-sulfur,  carbon-nitro¬ 
gen  and  cat bon-phospl torus  bonds.  The  composition  of 
the  organic  radicals  is  not  critical  and  these  radicals  can 
have  a- wide  range  of  structures.  The  radicals  can  be 
aliphatic,  cycloaliphatic,  aromatic  or  heterocyclic.  Func¬ 
tional  or  reactive  groups  can  be  present  in  the  radic  ’ 
The  radicals  bonded  to  sulfur,  in  particular,  can  t«.ar 
functional  substituents,  i.e.,  reactive  groups  which  can 
lake  part  in  conventional  chemical  reactions,  e.g.,  addition, 
condensation  or  polymerization  reactions.  Illustrations 
of  reactive  substituents  which  can  be  present  on  the  Z 
groups  are  carboxyl,  hydroxyl,  halog’en,  amine,  nitro  and 
similar  functional  groups. 

Hxampics  of  sulfides  which  are  within  the  scope  of  Z 
are  as  follows:  dimethyl  sulfide,  diethyl  sulfite,  dipro- 
pyi  sulfide,  dibutvl  sulfide,  di(2-ct!iy!hexy!)  sulfide,  dido- 
decvl  sulfide,  ethyl  octadecyl  sulfide,  butyl  dodecyl  sul¬ 
fide.  dicyclohexyl  .sulfide,  di(4-dodccy!cyclohcxyl)  sulfide, 
ethyl  cyelohcxyl  sulfide,  methyl  cyclopentyl  sulfide,  meth¬ 
yl  (4-n>.eth> Icyelohexy! )  sulfide,  methyl  dccahydronaph- 
thyl  sulfide,  pentamethylcnc  sulfide,  dii>aminoclhyl)  sul¬ 
fide,  di(p-cvanoethyl)  sulfide,  c!i(4-cnrboxyphcnyl)  sul¬ 
fide,  di(4-aminccyclohcxyl)  sulfide,  di(methoxvcthyl) 
sulfide,  di(pt-acetoxyethyl)  sulfide,  di{,.-ehlorobutyl)  sul¬ 


fide,  t!i(4-cyanophcnvl)  sulfide,  di(4-ni:rophcnyl)  sulfide, 
di(  2,4-dinininocyelohcxyl )  sulfide,  (2.4-dtaminophenyl ) 


Chemistry,  p.  .>37,  Wiley  (1950).  These  common  char¬ 
acteristics  .'I  te  discussed  in  the  paragraphs  which  fol¬ 
low.  I  he  j's  uuMons  will  include  descriptions  of  the 
groups  Z.  X.  and  Mr  ,.g 

the  terrr  “boron  txge”  will  he  used  in  the  discussions. 
This  term  refers  to  the  10  boron  atoms  which  are  present 
in  the  compounds  of  the  invention  and  which  arc  deemed 
to  be  joined  to  form  ;i  skeleton-likc  unit  or  cage  in  which 
each  boron  atom  is  adjacent  to  at  feast  four  other  boren  00 
atoms.  The  manner  in  which  the  boron  atoms  are  linked 
i:.  not  known  but  the  group  of  which  the  10  boron  atoms 
arc  a  part  t unctions  as  a  un:t  in  chemical  reactions. 

Croup  Z. — In  all  of  the  compounds  of  the  invention, 
represented  by  Formulas  1  ihrmgli  6.  the  group  Z,  as  pre-  55 
yiously  stated,  can  be  a  sulfide  m  which  the  divalent  sulfur 
is  singly  bonded  to  organic  groups,  a  sulfouc  in  which  the 
hexavalent  ?u*fur  is  bonded  to  each  of  two  oxygen s 
through  double  bonds  and  to  organic  groups  through  sin¬ 
gle  bonds,  a  phosphine  in  which  the  trivalent  phosphorus  00 
is  bonded  through  single  bonds  to  organic  groups,  a  ter¬ 
tiary  uniat  as  juukh  oi  *  o.!bo*ylii.'  acM,  at  rrn  organic 
nitrile,  i.e..  a  compound  bearing  a  — CN  group,  ln  eaeh 
of  the  above  Z  groups,  the  organic  radicals  (Ri  are 
beaded  to  ti.e  sulfur,  nitrogen,  phosphorus,  amide  group  05 
or  cyano  group  through  tarhon. 

The  organic  sulfides,  sulfoncs,  phosphines,  amines,  car¬ 
boxylic  se  d  amides  and  nitriles  which  arc  within  the  scope 
of  the  group  Z  nave  the  common  property  of  acting  as 
Levis  bases,  i.e.,  compounds  which  have  within  Their  70 
structures  an  atom  which  is  capable  of  donating  an  elec¬ 
tron  pair  to  the  boron  cage  to  form  a  stable  covalent 
bond.  Le.. :s  bases  are  a  well-known  class  of  compounds 
and  they  are  defined  in  conventional!  textbooks,  e.e , 
Moeller,  ".'.-.organic  Chemistry,”  p.  326,  Wiley  (1954)  and  75 


(4-amrnccycltjhexyl)  sulfide,  di(4-hydroxypHnyl)  sulfide, 
di(8-hydro\yi  aphlhyi)  sulfide,  and  the  like. 

F.x  m pies  which  are  illustrative  of  suifones  are  methyl 
ethyl  stilfone,  dibutyl  sulfone,  dieyclohcxyl  sulfonc,  ethyl 
decaJndronaphihyl  sulfone,  dicetyl  sulfone,  dioetadceyl 
sulfone,  di(2-cthylhoxyi )  sulfone,  dir.ll>  I  sulfonc,  ethyl 
phenyl  sulfonc,  cyelohcxyl  phenyl  sulfonc,  and  the  like 
examples  which  are  illustrative  of  phosphines  and 


amines  are  trimcthyphosphinc,  tricihylphosphine,  cyclo- 


hexvldim'thylphosphinc.  dodecyidiethyiphosphinc,  trioct- 
5 'phosphine,  trimcthylnmirie,  tripropyiamine,  triisopropyl- 
amine,  trioctylaminc,  tridodecylamine,  trioclndecylnmine, 
cihc.xylmelhylaminc.  tricyiiohcx/lamhe,  cyclohexyldieth- 
ylamine,  tricthylamlne,  mcthyldicthylnmine,  clhyldidodcc- 
ylamine,  cydohexyidibutylamine,  methyldicyclohexy la- 
mine,  iriallymmiiie,  allyldinictlrylamine.  N-mcthylpiperi- 
dinc,  N-nicthylpyrrolc,  pyridine,  quinoline,  isoquinoline, 
picolinic  acid,  N-i-ooutylpyrrolidine,  N-ethylpyrrolidinc, 
and  the  like. 

Examples  of  amides  which  are  within  the  scope  of  the 
Z  group  are  forma mide,  acetamide,  buty-amide,  2-ethyl- 
hexcnamidc.  stcaramide,  prcpiolamicle,  dimclliylform- 
aniidc,  dietliylformamidc,  dioctylfonnamide,  dimerhylaeet- 
amidc,  N-mothyl-N-cj  clohcxvh.cctnmide,  N.N-dimclhyl- 
benzamide,  M,N-dibu!yltoltiamidc.  N-acetylpiperidine,  N- 
acciylpyrroli line,  N'-uctv l-2-pyrrolidone,  N-cyclohcxyl-2- 
pyrrolidonc,  end  ‘he  like. 

Fsampfos  ^  fritrlm  ivfrich  -.ri  itiusfruu-.c  of  ami  art 
within  the  scon;  of  Z  arc  propkmitrilc.  capronitrilc,  w-car- 
boxycaprnnitrilc,  valcror  it  rile,  cyc'ohcxanccarbonitrile. 
benzomtrile,  tohioiiitrilc,  stcaroritrile,  5-pyrimidinc-car- 
bonitrile,  furor, itrile,  lctr.ihyilrcfgroniirile,  4-phcnoxycy- 
clohexanccarbonltrile,  p-ethoxyr  ropionitrile,  and  the  like. 

For  each  of  the  Z  groups  ticscribed  above,  the  com¬ 
pounds  of  the  invention  are  represented  broadly  by  the 
following  formulas: 


B:uH8_j.Xj.-2SR2  (7) 
B!0H5_yXv-2O2SR2  {7a) 
BioH8_,Xy-2rR3  (8) 
BI0Hc-jXy-2NRj  (9) 
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Hiill..,X,  sv-cii  —  ll»  !■»•) 

‘llrII3  .\y2KC(0)NII,  (l‘» 

11.. .11,_'.x.  :kC(0)N!iR  (mi) 

It.f.H,  jNjOkClOINK;  (  I  Oil) 

11.. Uc.>.\V2IIC(0)Mi-  (II) 

tt,,n3..xv  :hch>inmh  <u«) 

l(  jlf^XyOHC  (OiNKi  (I?) 
!!|uH;--.-Xv;i(C  N  ( I2.r) 

Ml  ■  II  .,>VSN  r  Hi) 

M I  Hi jl  !* .>Xv'03SR2I0  (I3<r) 
M|l!..,ll,.vX>.-l>Hj|b  (  14) 

M|H:i,H»->Xy-M-olh  (IS) 

I  I 

Min.,i[.  ,a.  n---('uii”h  U5>) 

Mtn,cM,.,N..-«rt«)NH^0  tW) 

SI  I  IS jr i  i  jX,  •  kC(  O  )N!(  !<  It,  (  16u) 
M|li,-H,  ,X,-i<C<0)\R:|„  (10/.) 
M  |  H 1 1 ,  .Xv'IIHOIMMb  (17) 

\i i ii.,,1  r3  '^Xy  iinoiMiiiib  ( i7«) 
M|H.„H,  .Xv-l!C(OjNK2lh  (IS) 
Mi:i1.J:i,.,Xv-KCNib  (is.i) 


ability  and  good  reactivity  to  form  the  compounds  of 
Formula  1. 

Hydrocarbon,  as  used  above,  includes  alkyl,  alkenyl, 
alkynyl,  cycloalkyl,  cycloalkenyl,  aryl,  alkaryl,  and  aralk¬ 
yl.  The  aliphatic  hydrocarbon  groups  have  preferably 
at  most  two  carbons  joined  by  multiple  bonds,  i.c.,  at 
most  one  double  or  triple  bond. 

A  third  class  :1  rwferrsd  corapcuivdt  Jt  Fcttr.ula  1 
tire  products  in  which  Z  is  an  amide  selected  from  N,N- 
disubstituted  formamides,  N,N-disubstituted  acetamides, 
\  ■*  itUu^-uiluv^-wralidt  :**.  Tte  amulet  V>ve  the 
formulbs 


)  |  "  R’:\’d;II  R'iN’CCll!  nml  ll'-N  I 

Min.nit,  ,:<.  N.-rnu-;<,  (is.)  \ju,-cjr, 

.  ,  -  ,  r 

M I  Iljfl  i'.jX,  •  KC(0  )N!I!<  lb  ( 16u)  v‘here  R  )S  a  hydrocarbon  group  as  defined  above. 

Ml  It, -Hi  ,Xy-  !<C(  0)\K  jib  (16*)  20  Substitution  reactions  of  the  boron-containing  group 

\! i •!"’! i  'v'  liriolvlllM  Prior  10  discussing  Ihe  group  X  in  generic  Formula  1, 

M  .  3  7  .  'In  '  )  a  brief  description  of  the  chemical  properties  of  the  com- 

,,1|  , Av-lli.it  k'.Kjlh  (i-  )  pounds  of  the  invention  is  desirable,  particularly  the  sub- 

M I  "iu*  U  ( I  -  -')  stitulion  reactions  which  the  compounds  undergo  in  leac- 

In  the  above  formal  ;.  M,  X.  b  and  v  have  the  meanings  25  tions  with  elect rophilic  reagents.  It  is  particularly  dc- 

i-iven  rrevicmly  for  Formulas  2  and  3.  The  R  groups  sirable  to  note  at  this  point  that  the  compounds  of  the 

represent  the  organic  radicals  discussed  in  the  preceding  invention  in  which  the  boron-containing  unit  bears  hy- 
par.igrapl.s.  kJ  represents  the  divalent  drop.cn,  electrophilic  substituents,  or  both  hydrogen  and 

electrophilic  substituents,  show  much  greater  chemical 
-|.J'-t'=c—  30  stability  than  many  of  the  known  hydrogen-containing 

boron  compositions. 

which  forms  a  pyridine  ring  with  the  — N=CH — group.  Tire  boron-containing  group  functions  as  a  unit  in 

The  R  groups,  referred  io  earlier  can  be  alike  or  d:(Tercnt  many  chemical  reactions  and  its  behavior  suggests  that  the 
and  two  of  such  R  groups  can  be  joined  to  form  a  ring  of  _  boron  atoms  are  joined  to  form  a  boron  cage  or  boron 

which  Ihc  sulfur,  ritrugen  or  phosphorus  is  a  part.  For-  35  sphere  which,  although  entirely  inorganic  in  structure, 

mill, is  7  ;hrott::h  IS  represent  species  of  compounds  which  undergoes  electrophilic  substitution  reactions  in  a  man- 

f  ill  within  the  broad  scope  of  compounds  included  within  ner  which  resembles  the  behavior  of  carbocyciic  aromatic 

the  -  cope  of  Formula  I.  compounds,  c.g.,  benzene  or  naphthalene.  Afore  speci- 

Ccitain  groups  of  compounds  which  fall  within  the  fically,  hydrogens  bonded  to  borons  in  the  compounds 

scope  of  To:  inula  1  arc  preferred  for  reasons  cf  avail-  4l)  represented  by  Formulas  1  through  6  are  replaceable  by 


o 

li 

c — cu, 
./  ! 


given  rrevic.cly  for  toimulas  2  and  3.  The  R  groups 
repicscat  lire  organic  radicals  discussed  in  the  preceding 
paragraphs.  kJ  represents  the  divalent 

I  I  I  I 
—  IV-C-L’-C— 

which  forms  a  pyridine  ring  with  the  — N=CH—  group. 
The  !<  groups,  referred  ro  earlier  can  be  alike  or  different 
and  two  of  such  R  groups  can  be  joined  to  form  a  ring  of 


mul, is  7  through  IS  represent  species  of  compounds  which 
fill  within  the  broad  score  of  compounds  included  within 
the  -  cope  of  Formula  I. 

Certain  groups  of  compounds  which  fall  within  the 


ability  of  reactant*,  croc  of  preparation  and  use  os  intcr- 
incdlalcs  in  the  piop.it.uion  of  valuable  products. 

Or.c  preferred  croup  cf  compounds  of  Formula  1  are 
products  in  which  the  Z  group  is  an  organic  sulfide  of 


substituents  which  can  also  replace  hydrogens  bended 
to  nuclear  carbons  in  benzene  or  a  substituted  benzene. 
This  behavior  of  the  boron-containing  entity  of  Formulas 
1  through  6  is  particularly  surprising  in  view  ot  the  in- 


tfi.j  foimul.i  RyS,  where  RJ  is  a  hydrocarbon  radical  of  45  organic  composition  of  the  group.  It  is  this  previously 


lip  to  18  carbons,  free  of  acetylenic  unsaturation,  and 
having  at  most  two  substituents  selected  from  halogen  (F, 
Cl,  ’dr,  I),  — OH  (ircluding  alcoholic  and  phenolic), 
—  NO-.  —  rOOll  (including  metal  and  nitrogen -base 


salt-;  of  — CGC'II),  amine  l including 


unknown  “aromatic  character"  or  “aromaticity”  of  the 
boron-containing  group  w  hich  leads  to  many  of  the  novel 
compounds  of  this  invention.  The  substituents  which  re¬ 
place  the  hydrogens,  and  which  fall  within  the  scope  of  X 


nlkyllMI,  (iliioweralkyi)N,  and  salts  of  these  groups 
with  organic  and  inorganic  acids),  — C'0)NH2, 

— C(0)NHQ, 

— CfOlNQ-.  —  CfO)OQ,  ~OCfO)OQ,  — CN, 

— NHC(0)NHj 

and  — MIC(0)NIIO.  where  Q  is  a  hydrocarbon  group  of 
up  to  li  carbons  which  is  free  of  acetylenic  unsaturaiior. 
1  ha  two  R*  groups  cnii  be  joined  lo  form  a  divalent  nufi- 
enl  which  forms  a  ring,  preferably  of  six  members  with 
the  sulfur. 

A  second  preferred  class  cf  compounds  of  Formula  1 
are  products  in  which  the  Z  group  bears  hydrocarbon 


(lower-  50  in  the  formulas  of  the  compounds  of  the  invention,  are 


defined  in  more  detail  in  the  following  paragraphs. 

Group  X. — The  compounds  of  Formulas  1,  2  and  3 
can  contain  a  component  represented  as  X  which,  in  its 
broadest  aspects,  is  defined  as  a  group  capable  of  bonding 
55  Jo  carbon  of  an  aromatic  compound  by  replacement  of 
hydrogen,  c.g.,  a  group  capable  of  bonding  io  a  nuclear 
carbon  of  benzene,  naphthalene,  xylene,  and  the  like. 
The  group  X  is  present  in  the  compounds  of  the  invention 
when  y  has  a  value  of  at  least  1.  In  a  more  restricted 
UO  sense,  X  is  a  group  derivable  from  an  electrophilic  reagent, 
i.e.,  :t  group  which  can  be  bonded  to  carbon  of  an  aro- 
;  matic  carbocyciic  compound  by  direct  electrophilic  attack 
/  to  effect  substitution  of  hydrogen  bonded  to  a  nuclear 
carbon.  Preferably,  X  is  a  halogen  or  a  monovalent 


ub.titiienls  bonded  to  the  nitrogen,  sulfur  or  phosphorus,  q5  gr0up  bonded  lo  boron  through  nitrogen,  carbon,  oxygen 
i  hch  hydrocarbon  sub  tituents  are  free  of  functional  or  su|fl)r(  e.g.,  for  nit-ogerr.  amino,  substituted  amino. 


wh'ch  hydrocarbon  sub  tituents  are  free  of  functional 
groups.  This  preferred  croup  can  be  represented  by  the 
formulas  k’-S,  IV-SO;,  R'3P,  R'3N,  KCfO)NR'-, 

R'C(0)NR'j,  7o 

and  K’CN,  wherein  the  F.’  groups,  which  can  be  alike  or 
ditferent,  are  hydrocarbon  groups  of  up  to  18  carbons 
and  wherein  two  of  the  R'  groups  can  be  joined  to  form 
:t  ring  of  which  Ihe  sulfur,  phosphorus  or  nitrogen  is  a 
’  part.  These  groups  are  preferred  solely  because  of  avail-  75 


nitroso,  nilro,  azo  and  others;  for  carbon:  hydrocarbon 
groups,  e.g.,  alkyl,  alkenyl,  alkynyl,  ary1,  alkaryl  and 
aralkyl  and  substituted  hydrocarbon  groups,  particularly, 
70  a-substituled  hydrocarbons,  evano,  carboxyl  and  others; 
for  oxygen:  hydroxy,  hydrecarbonyloxj  and  hydrocar- 
byloxy;  and  for  sulfur:  thiol,  hydrocarbjtmercapto,  sulfo, 
sulfonyl,  sulfamyl  and  others. 

The  definition  of  X,  ns  stated  above,  is  based  on  the 
75  close  similarity  in  chemical  substitution  reactions  between 
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the  essentially  inorganic  boron-hydrogen  cage  of  the  com¬ 
pounds  of  the  invention  and  the  classical  aromatic  car- 
^bon-hydrogen  rings  of  organic  chemistry.  X,  therefore, 
represents  a  broad  range  of  substituents. 

The  group  X  can  represent  a  substituent  which  is  in¬ 
troduced  by  a  direct  reaction  with  the  parent  compound, 
i.e.,  a  compound  of  Formulas  5  or  6,  or  it  can  represent 
a  substituent  obtained  by  subsequent  chemical  modifica¬ 
tion  of  a  group  which  lias  been  introduced  by  direct  reac¬ 
tion,  e.g.,  a  substituent  obtained  by  reduction,  esterifica¬ 
tion,  hydrolysis,  dehydration  or  amidation  of  directly  in¬ 
troduced  groups.  Chemical  modification  of  the  sub¬ 
stituents  can  be  effected  by  processes  involving  single  or 
multiple  steps.  Substituents  which  are  introduced  by 
direct  reaction  arc,  for  convenience,  referred  to  as  elec¬ 
trophilic  groups  and  these  groups  form  a  preferred  class 
of  substituents.  Thus,  in  this  preferred  group,  X  is  a 
monovalent  electrophilic  group  which,  is  capable  of  bond- 
to  carbon  of  a  benzene  nucleus  by  reaction  of  benzene 
or  a  substituted  benzene  (toluene,  naphthalene!  with  an 
electrophilic  reagent.  These  reagents  are  defined  more 
fully  in  later  paragraphs. 

An  electrophilic  group,  derivable  from  an  electrophilic 
reagent,  is  deficient  in  electrons  and  has  a  point  of  low 
electron  density.  Electrophilic  groups  and  reacents 
which  are  employed  to  effect  substitution  of  such  groups 
for  the  hydrogen  on  a  carbon  of  a  benzene  nucleus  are 
described  in  conventional  textbooks  of  which  the  follow¬ 
ing  arc  examples: 

Remick,  “Electronic  Interpretations  of  Organic  Chem¬ 
istry,”  p.  53,  100-1,  Wiley  (1943). 

Ingold,  "Structure  and  Mechanism  in  Organic  Chemis¬ 
try”,  PP-  198-200,  269-304  (especially  an.  202,  211) 
Cornell  University  Press  (1953). 

(1953)"’  "AtIvnncetl  Organic  Chemistry,”  chap.  1,  Wiley 

83' \V^T,ay'(  1 949 >Va"Ced  0r8anic  chfmistry.”  2nd  cd.,  p. 

Examples  of  electrophilic  groups,  i.e..  substituents 
which  are  derivable  from  electrophilic  reagents,  which 
are  included  within  the  scope  of  X  are  as  follows;  halo¬ 
gens  (F,  Cl,  Br,  I),  hydrocarbon,  carboxyl 
o 

(-•C-OIt) 

carbamy!  and  N-substimtcd  carbamyl 
o  0  O 

<-<:-Nirj.  -C-NTUi', -C--N  K',) 


bons),  sulfo  ( — SO3H),  sulfonyl  ( — S02R'),  and  acetoxy- 
mercury 


halocarbonyl 


o 
,  I! 

(— C — Y 


where  Y  is  F,  Cl.  Br,  I),  halomethyl  ( — CH2Y',  where 
;  Cl*  hydroxy  ( — OH),  hydroenrbyloxy 

(-OR'),  acetal  [-CK(OR')2J,  ketal  f-CR'(OR')-|, 
hydrocarbylcarbonyloxy  [— OC(O)R'),  hyd-ccarbyloxy- 
carbony]  1— C(O)OR'),  isocyanate  (— NCO),  thiocya¬ 
nate  (  CNS),  isothiocyanate  ( — IsCSl,  h’ drocarbylthio 
(—SR'),  hydroxymethyl  (— CFI2OH),  hydrocarbyloxy^ 
methyl  ( — CH2OR'),  dihydrocarbylaminoinethyl 

(— CHjNR'2) 

cyano  (— CN),  amino  (— NII2),  substituted  amino 
(— NHR ,  —NR'j),  trihalometliyl  (— CC13,  — CF,,  etc  ) 
acyl  ’ 


aldehyde 


o 

II 

(— C— «0 


o 

II 

(-C-H) 


nitre  (—NO,),  nitroso  (— NC),  azo  (— N=N— Ar 
where  Ar  is  an  aromatic  hydrocarbon  of  up  to  10  carl  73 


’  S  (-IlsOfcCUi) 

R',  where  used  in  the  above  substituents,  is  a  monovalent 
organic  group  which  is  preferably  a  hydrocarbon  group 
(alkyl,  cycloalky!,  alkenyl,  cycloalkenyJ,  aryl,  alkaryl, 
10  aralkyl,  and  the  like)  of  at  most  18  carbons. 

Description  of  The  compounds  of  Formulas  !,  2, 
4,  and ‘5  include  the  group  M  which  is  defined  as  an  atom 
or  group  of  atoms  which  forms  a  cation  in  aqueous  so¬ 
lution.  More  explicitly,  M  is  an  atom  or  group  of  atoms 
15  which  in  aqueous  solution  forms  a  positively  charged  ion. 
The  sole  function  of  the  group  M  is  to  provide  a  posi¬ 
tively  charged  component  or  cation  which  will  unite  with 
the  univalent  boron-containing  anion  and  thus  permit  iso- 
iution  of  the  anion  in  compound  form.  The  novelty  of 
the  compounds  and,  therefore,  the  invention  resides  in  the 
boron-containing  group  and  not  ii>  the  group  M  in  the 
even..  this  croup  is  present. 

FJie  properties  o;  the  group  M  arc  net  critical  and 
or  1,113  £rouP.  therefore,  represents  a  broad  range  of  ele- 
40  ments  and  combinations  of  elements.  To  illustrate,  M 
can  be  hydrogen,  fcydronium  (HjO1-),  a  metal,  !i  mctal- 
'l®r  complex,  a  metul-ammine  complex,  ammonium 
),  mdrazorium  (NHj — NH3*),  N~-substitutcd  am- 
"n  ’no?lum*  N-substittued  hydrazoniiir.i,  S-substituted  sul- 
0  ionium,  P-s  jbstiuitsd  phosphonium,  and  the  like.  To  il¬ 
lustrate  flirt. let,  M  can  be  lithium,  sodium,  cesium,  beryl¬ 
lium,  barium,  magnesium,  calcium,  strontium,  lanthanum, 
manganese,  con,  cobalt,  copper,  zinc,  merenrv,  aluminum, 
thallium,  tin,  lead,  silver,  or  any  other  metal.  As  fur¬ 
ther  and  more  specific  examples.  M  can  be  R4NH,+ 
R42NH2t  R’jNH-,  RSN+,  (R«NH— NH»)+, 

(R4-N — NHj)  + 

40  RSS1-,  R4<P4,  [Zn(NH-),,j“=,  (CoCNHj),]4*, 
[Cu(NH3)4]+* 

rCu(NH2CH2CK2NHj)2l f3,  and  the  like.  The  sub- 
43  stiiucnts  represented  bv  R4  in  the  above  illustrations  arc 
organic  groups  whose  character  or  nature  is  not  a  criti¬ 
cal  feature  cf  these  cation  groups.  The  substituents  rep¬ 
resented  by  R<  can  be  open-chain  or  closed-chain,  satu¬ 
rated  or  unsaturated  or  the  substituents  can  be  composed 
00  ot  ncte.ocyclic  rr.gs  of  w-hich  the  nitrogen  is  a  com¬ 
ponent,  e.g.,  pyridine,  quinoline,  morpholine,  hexa- 
lnelhylcnetmine,  end  the  like.  Preferably,  R«,  for  rea¬ 
sons  of  availability  of  reactants,  is  a  hydrocarbon  group 
of  at  most  IS  carbons. 

S3  Examples  of  representative  and  specific  compo  unds  arc 
.  given  below  solely  to  illustrate  the  invention  and  they 
arc  not  to  be  considered  as  limiting  the.  scope  of  oper¬ 
able  compounds: 

00  B10Ha-2S(CH3):,  Bi3Ha-2S(C<H,,):.  B10H,-2S(C,.H»)1 
B10Hs- 2SI C.;H„  )5,  B,0Ha-2S(CH3)  (C,,H37) 
BijH8-20.S(CH3)3,  Blt.H3-202S(C2K,), 
nl:H3-502S'.CcHM)2.  B10Ha-2O2S(CeH,)j 

EirH8-202S(CtHsCl)(C2Hs) 

03  Biohs'20=S(Cc1UCH3)(C2H5) 

B,°Ha-2PiC2H5);  B!0HV2p(cc,,n)3>  310HS-2P(C3H7), 
ElcIt;3'-PlC-H3):(CnH:5).  Bi0Ha-2N(CH3)., 
W2£(£H,,)*  BicHS’2N(CH3)(CaH17)2 
BicKs-2HC(C)NHj,  B:oHb- 2CH3C(0)NH2 
70  3S5H6-2HC(0)N(CeH„)s 

B ,cHa •  ?CK3C  ( O }  N  (C,  )2,  B10I18-2HC(O)NHC!eHj7 

B10H*-2HC(O)N(CHj)2,  Bj0Hj-2CHsC(O)N(C2Hj)2 
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Hi*M.-2CsIfsCN.  r»lr.li,-;C-5UllCN.  BaHt-2CuHssCN 


It; 


U-2CtH„CN.  ll.PH,-2CfH:,CN.  N:iBlcH>-S{C4H9)a 
MrlH.GH,S(CcHu)jl2 
re(II,0),,|l!j,.H,-S(rMj)(C,Ki)lj 
N';iB,j;/0;Sir:H5',.  I  iI'»:r;Hs-0;S(CtHn)j 
CalHuIl*  0£(CkHn)sla 


BI0CI|-2i(Cl 


10 


/lill<tcl!>  OiSC|l,(niil1»‘l!i!i.-  '■!.!n„i]i  O,£CUiCII:()CXJ,Cirl 
(CiH;)1NB10H,  O2S(CcHn)a 


•2S(CH-CR,F)2i  Bi0Ff  •2S(CH;CHjC00H)j 
3;:H7S03H-2S(CH3)j 
B  10Br;  -  2S  rCH2CH;C  CO )  OC2H5] , 
B,:Kj':OH)2-2SfCHjCH..OH) 
BlcH-NH2-2S(CH2CH2NH,)2 
B!l.HrOOOH-2S,'CH^CHnC06H)3 
J  IB  U,HC  [  C  iO )  OK  ]  •  S  (C  H2CH2COOK)  j 
and  the  like. 


20 


Warning  c-f  compounds  of  the  invention 


7;i(!l.,0)il  t>!a'!j,!’(CJI!1)3 12.  Hi;[R10H,-PtC4Hs)3]2 
N!;..IH.0H,-NfCK-1).1|.  (CH1)iN1B,„Mj-N(CcHu)3] 
(ara)iS|Bwll,-CsH.Nl.  k|iJ:cH,.-CH3C'0)NH2l 
ii.:|b,J4:iC(0)N(ch3)si3 
NMjN'MiI  B[-lf»-CH-C(0)N(CH3ii] 
(C:H03S|:jlel!»-ClM1Cf0)NfC.H5)2l 
NfMI’icH,  C,.M„CN).  C1UjNH[B,«H,-CH3CN] 
f'cHjMr3iBlaiu-rtuiCM,  uI0i:iCV2SfCH3)a 
B.,l!.l!r.-2S(C,H.t)j.  H,,ll7F-2S(C.H17)a 
B:ji>7N0..25i!C.!IO:.  llIPH7OM-2S(QH13)2 

UtoU.CN-.StCVIj):.  BioH6F3-20-U(C4Ms)2 


25 


20 


UiCii  .o^t'iijcctiijiciii 

n.Pn;r(0)Ccu1-:o-s(c,H7)J 

liiJi-.COOH-20.S(Cj»u):.  B10K7CN-2O2SfCcHu)2 
Bll.II7l-2t‘(reI|..)J.  U,0ll7COOH-7PfC4H3)3 
i:,0I!7C'rJ.21*(CH.,  3.  Hl4H7NH3-2NiC2lls), 
BioH4(afj)j'2N(0,H,)j.  ll,0H,tC6H5)-2N('CH3)3 
K[ii.,ll,aJ-SlC.n,),l.  B:irBit,H6OCH3-StCeHn),l2 

c  r.m.oihsciij-siCiH,,^,  tiib1uh7cn-p:c2h7)3') 

I.i|H!tM*M’(ClH,)3|I  Ni(H2O)6|U10HsNH,  P(C5H,)3]2 
(CIIj>,N|  U.-Hj>S(C2H4)21 
NU;N!{jtBpH7CI3*N(CHj)3l 
(CIM7S|  B  fi!,1N(CH3)2-N(C4Hg)3] 

Zn(ir.O)4|»„,H.-SCHj-N(C.Hs),l3 
l»h:H;of't0  S(CII3)3|,  Na|B10Fo-P<C4h\).,] 

[  Znr  NH3>4 1 1  ti.ol  I,CI2-  P'CH,)j]2 
i  Nit  Nl F , )81 4  3|4HyN(CH3)3]j 
1  Col  M:Q ),  I !  B.oHcBr,  •  N  (C4H9 131 2 
{C1l!3)5NNH.,!Bl«HkClj-HC(02N(CH3),] 
(.Csl{;):NM2lB!3Hel;-CH3C(0)N(C.H5)2l 
MIjNMjl  B]nHcClj'CH7CN] 
tCMjM’IB.cHaCN-CoH.iCNl 
(CHa),S[HiaClcC.H:CNl,  NalB10H3NH2  CH3CN] 

and  the  like.  Further  illustrations  of  compounds  of  the 
invention  arc: 


It  is  coted  that  no  official  system  of  naming  of  boron 
compounds  has  been  adopted  at  the  present  time.  The 
nomenclature  usee:  herein  follows  the  proposals  made  by 
a  group  of  the  Committee  on  Nomencla‘"re  of  the 
American  Chemical  Society  Division  of  Orga  i:  Chemis¬ 
try.  These  p tore- fils  are  discussed  in  ( 1 )  a  .wptr  pre¬ 
sented  ty  G.  \V.  Schaeffer  at  the  American  Chemical 
Society  Meeting.  San  Francisco,  California,  April  13-18 
<  1958).  ;2)  a  paper  presented  by  K.  L.  Loeni-.j  to  the 
Division  of  Chemical  Literature,  American  Chemical  So¬ 
ciety  Meeting,  Chicago,  Illinois,  September  7-12  (1958), 
and  (3)  a  publication  by  Patterson,  Chemical  Engineer¬ 
ing  News  3-4,  550  •'  7 956) .  The  nomenclature  is  also  in 
accordance  with  toe  system  published  in  ‘‘Nomenclature 
of  Inorganic  Chemistry— 1957,"  p.  72,  International 
Union  of  Pure  and  Applied  Chemistry,  Buitenvorths 
Scientific  Publications  (London),  1959.  Names  assigned 
to  non-ionic  bore-  compounds  end  in  “me”  with  the 


S3 


number  cf  hydrogens  originally  present  in  the  com- 


33 


•50 


45 


(Cif3)3S(n,0ir9-s(CH3)2i 

(C!I3)4P|B,oK9-HC(0)N(CH3)2l 

C»H3(CM.1)2NH|B1uHvCI2-CH,C(0)NH2] 

C6I  I1CM2NT.j|BnH7CI2CH3C(0'N(C  ,W3)21 
(HjO )B|i/HeCljI,S(CH3)2,  (H3O)Bl0HsF-N(C2H5)3 
NaBloliaCOOIM’(CH3 ),.  KB10HaOH  •  HC(0  )N(C2H5)a 
I.iB10HaNO2'S(C3H7 12 

and  the  like. 


So 


Other  examples  are: 


O) 


B:oH,-2S(CH2CH2CH2OH)2 
B,jH,‘2S(CHj)(CH2CH2P  ),  B10H,-2S(CH2CH2Br)3 
B  tolls' 2S(C1I3)[CH2CH2C(0)NH2] 
»,cHi-2SlCH2CKiC(0)0C,Hsl, 
n10H,-2S(CH3)(C.f2CH2CN),  BJ0Hl,-2S<CH,CH,NH2)a 
B10H3-2S|CH2CH2NHCfO)CH3]2 
B10U,-2S[CH2CH2CjH4OH1, 
Bl0Ha-2S(CHrCH2CH2C(O)ONa)2 
H10H,,-2S[a:,CH2CiO)N<CH3)j]2 
B,cHj-2S|  CH2CH,CH2CH»C(0)0NH41j 
K,r,H7(CiI3)-2SrCII2CH2C(0)0Hlj 
BlcH,-2S(CU2CH;NHC(0)N(CH,)jl, 
NaB|0H3,S(CM:CH2CI)2,  KBir,Ha-S[CU-CH-C(O)0K]2 
[(CH3)3NII]B11)H9-SlCH2CH2C(0)0NH(CH3)3)2 


CJ 


pound  shown  in  parentheses,  c.g.,  Bi0H74  is  tclradecahy- 
droJecatoranedci,  B10H„-2S(CH3)2  is  bis(dimcthv|SuI- 
fide ) octahydrodecaborane ( 8 )  and  B10CI3Hj-2N(C2Hs)3 
»s  bis  (thethylaer.ibe)  pentachlorotrihydrodecabora'.e(8). 
Names  assigned  tc-  ionic  boron  compotnds  end  in  “ale” 
with  the  valence  of  the  boron-containing  ion  designated 
in  parentheses  by  numeral  and  charge  sign.  Thus, 
N’a2BioH:3  is  disediutn  dccahydrodecaborate(2~), 

NaBlcIVS(CH,,)2 

is  sodium  ■  d;.v.e:hyl.sulfidc)npnahydrodeeaborate(  1~), 
and  (CK3 ) 4NB»::.ri  fCI4  •  HC(0 ) N(CH3) 2  is  tetramethyl- 
ammoniuni  (d:neihylformnmide)ietrachIoi  opentahydro- 
deeahorate(I-). 

Properties  end  characteristics  of  the  new  compounds 

In  physical  prcpcit  es,  the  new  compounds  range  from 
liquid  products  tc-  solid  products  which  are  stable  at  con¬ 
ventional  atmospheric  temperatures  and  pressures.  The 
products  normally  are  colorless  or  while  and,  if  solid, 
they  are  usually'  crystalline.  However,  the  color  or  other 
physical  characteristics  are  determined  to  some  extent 
by  the  substituent  X  and  by  the  group  Z.  Thus 

KB2.HsC(0)CcH5-S(CH3)2 

is  an  orange-colored  solid.  In  the  event  X  bears  a  chro- 
mophoric  group  te.g.,  an  azo  group),  the  color  of  this 
group  may  be  imrcuicd  to  tne  final  compound. 

Many  of  the  compounds  dissolve  to  some  extent  in 
water  or  hydroxy  Uted  solvents,  c.g.,  alcohols.  The  com¬ 
pounds  rail  into  two  groups  in  their  behavior  in  W'ater. 
The  compounds  cf  Formula  2  ate  ionic  in  character,  i.e., 
they  behave  like  sells  and  form  ions  in  solution.  The 
compounds  of  Formula  3  are  neutral,  i.e.,  they  are  not 
suit-like  in  character  and  they  do  not  form  ions. 

The  ionic  and  electrically  neutral  compounds  of  the 
invention,  i.e.,  the  compounds  of  Formulas  2  and  3,  do 
not  reduce  solutions  of  silver  nitrate.  The  compourds 
which  bear  hydrogen  bonded  to  boron  react  smoothly 
with  halogens  wi i  minimum  side  reactions  to  form  halo¬ 
gen  substituted  derivatives. 


Preporaiioit  of  the  new  compounds 

Froeesses  for  preparing  the  compounds  of  the  inven¬ 
tion  employ  decchjdrodecaborates,  either  directly  or  in- 
75  directly,  as  reactants  which  are  the  source  of  boron. 


Decr.hy’drodeenborntcs,  employed  directly,  are  used  gen¬ 
erally  in  the  form  of  hydrates  of  the  aetd,  amntonitir  1  or 
sub?  (iiuterl  ammonium  salts  or  metal  salts.  The  dec: hy- 
drodeenboraies  are  reacted  with  sulfoxides,  sulfones, 
phosphine  oxides,  amine  oxides,  amides,  nitriles,  and  the  5 
like,  to  arrive  at  t  ie  desired  products. 

In  other  procedures,  the  decahydrodecaborates  are 
moJificd,  as  a  first  step,  to  obtain  non-ionic  or  ionic  com¬ 
pounds  in  which  a  numbe:  of  the  hydrogens  bonded  to 
the  borons  in  the  Bioliio"-11  anion  arc  replaced  by  reactive  jq 
groups.  The  modilied  boron-containing  products,  of 
which  RtcIIc'-N':,  and  the  like  are  ex¬ 

amples,  are  then  reacted  with  appropriate  reagents  to  ob¬ 
tain  the  compounds  of  the  invention. 

Thus,  a  wide  range  of  processes  arc  available  which  ]s 
can  be  used  separately  or  in  combinntkn.  to  provide  ver¬ 
satile  unites  to  the  new  products. 

The  principal  reactants,  i.e.,  the  decahydrodecaborates, 
are  presently  not  generally  available  materials.  They  are 
compounds  of  the  formula  Ma-(Bj0H10)b.,  where  M  is  a  f:0 
group  w.’iich  can  form  a  cation  ns  defined  for  Formula  1, 
and  a  and  b'  are  whole  positive  numbers  whose  values 
are  determined  by  the  valence  of  M,  i.e.,  multiplied  by 
the  valence  of  M  is  equal  tn  2/.',  The  group  B]0B,0  in 
the  formula  is  divalent.  The  group  M,  in  a  preferred  25 
class  of  rerctr.r.ts,  is  hydrogen  (or,  in  its  hydrated  form, 
hydromuni),  an  alkali  metal  (i.e.,  Li,  Na,  K,  Rb  or  Cs) 
or  ammonium  (NH|).  In  a  *  especially  preferred  group 
of  decahydrcceoaborate(2- )  reactants,  M  is  i-I,  Na,  K 
or  NH4.  There  are  represented  by  the  formulas  ’  30 


formed  can  be  supplied  by  a  third  component  whose  acid 
rtrc.,gth  is  r.l  least  equal  to  the  strength  of  a  mineral 
acid,  e.g.,  hydrochloric  acid,  i.e.,  a  strong  acid.  The  acid 
environment  can  be  supplied  by  employing,  for  example 
H2BJ0H;0,  gaseous  hydrogen  halides  (e.g",  HC1),  con¬ 
centrated  phosphoric  acid,  and  the  like. 

The  reaction  may  be  represented  schematically  by  the 
following  equation,  where  M  is  a  monovalent  group: 


u  MiBitllufZ  - -  O  M(I!,,U1.Z)4-D,;H,.2Z+niO  + 

by-products  (10) 

The  above  equatto.n  is  not  intended  to  tellect  the  molar 
proportions  in  which  the  reactants  me  employed. 

5  _J  he  reaction  is  conducted  in  conventional  vessels  with 
corrosion-resistant  inner  surfaces,  e.g.,  glass,  platinum, 
poly (tetrafluoroethylene) resin,  and  the  like.  The  vessel 
is  charged  with  the  dccahydrodecnbonite(2-)  and  the 
oxide  (Z— 0)  at  atmcspbcric  temperature  and  atmos- 
0  pheric  pressure.  The  reactants  are  mixed  and  the  acidic 
component  is  added  to  the  mass  with  stirring.  Agitation 
is  continued  until  the  reaction  has  proceeded  to  give  the 
desired  yield  of  product.  The  reaction  is  exothermic 
and,  where  large  quantities  of  reactants  are  employed,  it 
5  is  generally  necessary  to  provide  means  for  cooling  the 
reaction  m  i<$.  Processing  the  mixture  to  isolate  the  de¬ 
sired  products  is  accomplished  by  conventional  piccedurcs 
using  readily  available  solvents,  in  or.e  procedure,  the 
reaction  mixture  is  filtered  to  separate  solid  by-products 
3  and  the  filtrate  is  stirred  with  water.  The  solid  which 
founts  is  a  compound  of  Formula  6  r.nd.  after  separation, 
it  is  purified  further  by  crystallization  from  oxygenated 
solvents,  such  as  alcohol,  acetone,  aqueous  alcohol  or 
aqueous  acetone.  The  aqueous  filtrate  from  the  reaction 
5  mixture  is  extracted  with  an  organic  ether,  e.g.,  diethyl 
ether,  and  the  residua!  aqueous  layer  is  concentrated  in 
volume  to  yield  a  solid  product  which  is  a  compound  of 
Formula  5.  This  product  is  purified  by  reaction  with  a 
salt  whose  cation  M  forms  a  compound  of  Formula  5  of 
>  low  wt  tcr-soiubility.  e.g.,  M  can  be  R3<N  +. 

In  an  optional  mode  of  processing  the  reaction  mix¬ 
ture,  the  mixture  is  diluted  with  an  aromatic  hydro¬ 
carbon,  e.g.,  benzene,  and  the  mixture  i:  filtered  to  re¬ 
move  insoluble  by-products.  The  filtrate  is  extracted  with 
;  a  saturated  hydrocarbon,  e.g.,  Iigroin,  n-hexune,  n-hep- 
tnne,  cyclohexane,  and  the  like,  and  the  portion  which 
remains  is  diluted  with  water.  The  desired  boron  com¬ 
pounds,  principally  products  of  Formula  G.  separate  and 
they  are  pur.fied  as  described  previously. 

.  ^le  tno’e  ratios  i:t  whicn  the  reactants  are  employed 
‘s.  b  critical  factor  in  the  preccss.  The  ratio,  moles 
a-2(S,0Hlo;r moles  Z-*0,  can  lie  between  about  0.1  and 
IC,  preferably  the  ratio  lies  between  about  0.5  and  2  5. 
These  ratios  are  preferred  solely  to  provide  good  yields 
of  the  uesired  products.  The  acid  component  is  normally 
used  m  sufficient  quantity  to  combine  with  the  cation  M 
although  it  is  not  essential  to  use  this  quantity  of  acid 
component. 

The  temperature  at  vvhxh  the  renct;on  is  conducted  is 
not  critical.  Normally  the  pro-css  is  operated  at  pre¬ 
vailing  atmospheiic  temperature  but  lower  and  higher 
temperatures  are  operable.  The  use  of  very  low  or  very 
high  temperatures  offers  no  advantages.  Satisfactory  oper¬ 
ation  is  generally  found  within  a  temperature  ranee  of 
—20  C.  to  110“  C.,  preferably  a  temperature  within  the 
range  of  0  to  75°  C.  is  employed.  The  reaction  is 
exothermic  and  tne  temperature,  if  necessary,  can  be  con¬ 
trolled  by  means  of  cooling  media  such  as  ice,  mixtures  of 
.ce  and  water,  solutions  of  solid  carbon  dioxide  in  organic 
solvents  and  similar  conventional  means. 

The  pressure  at  which  the  process  is  operated  is  not 
critical.  Atmospheric  pressure  is  satisfactory  and  it  is 
the  pressure  most  conveniently  used.  However,  the  pres¬ 
sure  can  i!  subatmospheric  or  superatinorpheric,  *jf  it 
is  more  convenient  to  operate  under  ihcv  vfjudrlioiH, 


HjBicH.e-riHjO 

(where  n  is  a  positive  number  of  preferably  4-20), 
NVU'oH.o 

H5 

K2H10HU  and  (NH^)-B|0IT]C.  The  sails  can  be  used  ns 
•  lydrates  and,  in  fact,  they  arc  frequently  used  in  this 
form. 

Deo.nhy ck o Jccaboratcs  are  obtained  by  relatively  sim¬ 
ple  methods  worn  a  deonhorimsf  12) /organic  sulfide  com-  40 
pound  of  the  general  formula  B,0H|,-2USU',  where  U 
and  U'  are  hydiocarbon  groups,  |  refera’oly  alkyl.  Tiic 
■compound  is  prepared  by  reacting  an  organic  sulfide  of 
the  formula  USB'  with  deenhorune(M),  i.e.,  BiQH,5  a' 
a  temperature  between  0*  and  150“  C.  until  approximate-  ,, 
ly  one  mole  of  hyj-pgeu  is  evolved.  The  decabo- 
/ane(i2)/orgsnic  sulfide  adduct  is  then  reacted  with 
liquid  ammonia  or  an  amine  at  a  temperature  between 
auouf  — 5t.i"  C.  and  0°  C.  for  about  one  hour  to  obtain 
the  salt  J  2B;:B,0,  where  M  represen  is  the  cation  ob-  r0 
tamed  from  ammonia  or  the  amine.  Thus,  with  liquid 
ammonia  nr  the  reagent,  M  is  NH,ra  with  methylamine, 

I'i'  c-'‘U'h2+;  and  with  tertiary  butylamiue,  M  is 
(CH3)„Ch!H3ra 

(I)  Prucess  A.— A  principal  and  gc.ieric  process  for  ns 
obtaining  Hie  compounds  of  Formulas  5  and  6.  referred 
f0  is  Rlrer  compounds,  in  which  Z  is  a  sulfide,  phosphine 
nr  tertiniy  ratlin;  consists  in  reacting  in  an  acidic  environ- 
<>>  a.  d  tcahydrodecaborate  ( 2~)  of  the  formula 
hV(B)0Ii,0,'b.,  as  described  in  the  preceding  paragraphs  go 
and  (2 j  a  suitoxide,  phosphine  oxide  or  tertian' amine 
O/'ide. 

'  he  sulfoxides,  phosphine  oxides  and  amine  oxides 
are  members  of  a  well-known  group  of  compounds  which 
can  be  represented  by  the  formula  Z--O,  where  Z  is  05 
1NS,_  KjP,  or  R3N,  and  R  has  the  meaning  defined  in  a 
previous  paragraph  for  the  sulfides,  phosphines  and 
amines.  The  R  groups  can  be  alike  or  different  The 
examples  gixen  earlier  for  th.se  groups  are  illustrative 
for  this  reactant.  In  the  event  (NH,)2B10H)0  is  used  ns  ,70 
the  toro.i-cor.taming  reactant,  a  trisubstituted  phosphone  ’ 
(RsP)  can  be  used,  if  desired,  in  place  of  the  phosphine 
oxide  to  obtain  compounds  in  which  Z  is  a  trisubs'iiutcd 
phosphine. 

The  acidic  environment  in  which  the  reaction  is  p;r-  75 
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e.t:.,  I  he  pressure  can  lie  bc’wccn  about  0.1  atmosphere 
anil  1 0  ntnit"-'  ,icn:v. 

/he  i cac iiiui  proceeds  rapi-J.j  and  ihc  lime  in  which  the 
reactants  arc  m  contact  is  not  j  n'li-vl  f.-cujr  For  a 
I’l.lcli  process,  ilic  li.no  can  lie  between  about  5  itiiiutcs 
;  uJ  2:  hours.  ilo\ic>cf.  a  continuous  flow  pveess  can 
j -'  c:n;:!o>i'l  wherein  the  reactants  are  fed  continuously 
ia'i>  one  end  of  a  rctclinn  t.ibe  ard  maintained  in  con¬ 
tact  for  a  brief  per.od,  e.g..  (hi— 0.5  second,  with  verv 
si.  -ion:  mixing  and  the  reaction  mixture  cor.'aining  the 
desired  podiut  is  d. -charred  continuously  from  the  other 
end  of  the  tube. 

iipti.mai;.-,  .he  te.iciiim  can  be  conducted  in  an  inert 
l'i 'ml  te  ".lion  medium.  Operable  liquid  media  include 
li>  drocat bon  e'hers  or  hydrocarbons  which  preferably 
arc  free  c  f  aliphatic  im.saturation.  i.e.  olefinic  and  acetyl¬ 
enic  hinds,  [..samples  of  liquid  media  which  can  be 
cmplovej  ;  to  ,,en/er.c.  xvler.e,  cyclohexane.  bentane,  di¬ 
ethyl  etlur.  ilibut.l  ether,  and  the  like,  Glacial  acetic 
a;  id  is  al-o  operable  as  a  reaction  medhim.  The  use  of 
.it’  inert  hqnid  medium  is  ne  t  essential  for  orerabilitv. 

( .’ )  /’  ii  h  tf.--fhis  pincess,  which  is  a  modification 
of  1‘iiiec-s  A,  is  a  >ccit.i|  tct.eric  procedure  for  obtainin'’ 
the  conjKninds  ,,t  the  ir.untion.  Decahydrodicnborates 
o'  the  formula  M  ,i  I*.  ,l!1,i)b.,  as  define  j  in  Process  A, 

:  re  'eactcd  ( I  t  wi.h  rntro' aline  a  cent,  c.g.,  HNO«,  and 
(1)  with  .1  reducing  ap.T.t,  e.g.,  nascent  hydrogin,  to  ob¬ 
tain  an  inner  di.izoniutn  •  :«U  which  has  a  characterizing 
;"oiip  cf  t.ie  fornuil.i  — -i!.c! I.  •  N; — .  The  intermediate 
d.Hzonium  salt  can  i-o  non-ionic,  e.g„  B;pH3-2N\  or  it  can 
re  i- me  e  .'.t  (  d:,  i /  u  N- L,  where  ,\l  is  a  cation  as  de- 
fineii  pievn  u ,|y  wros;  valence  is  b.  The  inner  d/azonitin’ 
s.ilt<  ate  reacted  wi'b  appropriate  7.  compound-,  c.g.,  sul- 
fides.  .-i.f  ■v.s.  tertiary  amines,  tertiary  phosphines, 
i.n.idcs  or  nurilcs  to  obtain  the  compounds  of  the  in¬ 
vention. 

,  *  '•*  ' :  cu:  Pf'ccdtirc  is  an  especially  preferred  method 
.or  t.ie  prepart  on  of  compounds  of  the  invention  in 
which  /.  is  a  tertiary  amine,  tertiary  phosphine,  or  a 
nitrile. 

In  r.n  optional  mctlioj  of  operation  of  Process  P,  a  dcc- 
Jiydrodi’cabor.ite  salt  is  reacted  as  described  in  Tiocess 
.»  to  ct  ta  r.  a  compound  of  Formula  5,  i.c.,  W(B.cHa-Z)b. 
Ill’s  c  'impound  is  then  reacted  with  nitrous  s  chi’ and  sttb- 
sci;fuiti\  reduced  to  obtain  an  inner  diazontum  com¬ 
pound  of  the  general  formula  B,0Ha  N2’Z.  The  non- 
ior.ii;  coir  pound  thus  obtained  is  reacted  furthei-  with  an 
appropriate  member  of  the  7.  group  of  compounds  io 
ohi.-un  a  compound  of  the  invention  in  which  the  7.  grouos 
are.  most  ■  r.n, ccmly,  unlike.  This  modified  procedure  is, 
m  fact,  most  useful  in  obtaining  non-ionic  compounds  in 
whic.i  the  /.  groups  arc  dissimilar. 

Conditions  for  tie  reaction  with  nitrous  acid  and  sub¬ 
sequent  reduction  ;  re  simple.  These  steps  in  the  process 
are  conducted  in  .he  manner  of  conventional  reactions 
employing  nitrous  arid  in  aromatic  chemistry.  An  acid¬ 
ified  solution  of  m  alkali  metal  nitrite,  e.g.'.  Na,\'02  in 
hydrochloric  acid  solution,  is  normally  employed  to  which 
a  solution  ol  the  dccahydroJecaboraie  salt  is  added.  The 
fMflim  w  wntfrrF^  tv rtd  isIl.I  ui  4  tow  leiuperinire,  c.g., 
at  0*  C.  or  lower,  and  a  precipitate  forms  dun™  the  op- 
crahin.  'I  bis  precipitate  is  separated,  redis«i."ed  in  an 
idcchof  or  aqueous  aicotiol  solvent  and  an  appropriate 
rs-ducing  agent  is  t tided,  eg.,  an  alkali  metal  hvdroboratc 
or  a  combination  of  reagents  which  provide 
active  hydrogen,  e.g  ,  a  metal  with  a  mineral  acid  fZn  or 
1  w,ih  HC1>-  1  he  compound  having  the  inner  dinzoni- 
uni  sirt.cture,  i.c..  one  or  two  -Ny—  units,  is  isolated  by 
evaporation  or  precipitated  by  dilution  of  the  solution 
with  wate.. 

The  process  is  conducted  most  conveniently  at  atmos¬ 
pheric  pressure  and  within  a  temperature  ranee  of  about 
0*  C.  to  50*  C.  Pressure,  temperature  ana  mole  ratios 
of  reactants  arc  not  factors  which  require  cr*"icj|  r  !> 
tro,.  I  he  discussion  of  these  factors,  given  for  Process 
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A,  can  be  applied  equally  well  to  the  operation  of 
Process  B. 

'I  be  preparation  cf  inner  diazonium  salts  employed  as 
mm. ante  in  the  ubo>e  process  is  lullv  desenned  in  my 
copemiing  application,  Scr.  No.  186,270,  filed  January 
11,  1962.  now  abandoned  and  refiled  as  Ser.  No  3’>4  885 
on  November  19.  1963. 

(3)  Process  C — (for  preparing  compounds  where  Z 
is  a  sulfr.ne,  or  an  amide). — This  process  employe  as  re¬ 
actants  ( 1 )  a  decahyciiodecaboratc(2~)  salt  previously  de¬ 
scribed,  (2)  a  sulfone  or  amide  derived  from  a  carboxvlic 
aci.f,  and  (3)  a  strong  organic  or  inorganic  acid.  The 
sulfone  or  amide  and  a  dec.ihydrodccaborate  salt,  e.g., 
(NH3)2B10Hi0  or  N^-BuLLo,  3re  mixed  to  form  a  solu¬ 
tion  and  a  hydrogen  halide,  e.g.,  hydrogen  chloride,  :s 
bubbled  through  the  mixture.  Optionally,  a  strong ’or¬ 
ganic  acid,  e.g.,  an  arylsuifonic  acid,  can  be  employed  in 
place  of  a  hydrogen  halide.  Tile  reaction  is  exothermic 
and  proceeds  rapidly.  To  obtain  the  non-ionic  species  as 
the  principal  product,  heat  is  applied  to  the  reaction  ciix- 
t  .re  after  the  exo'hermic  phase  has  passed  and  passage 
o.  the  hydrogen  halide  :s  continued  for  a  further  period. 
To  obtain  the  ionic  species  as  tie  prineip:  I  product,  pas¬ 
sage  of  hydrogen  halide  is  stopped  when  the  exothermic 
phase  is  over,  as  evidenced  by  a  drop  in  temperature  and 
no  further  heat  is  applied.  In  either  case  the  reaction 
mixture  is  processed  by  ccfiveu.t'or.al  methods.  Ir=o!ab'e 
material  is  removed  by  filtration.  The  filtrate  is  diluted 
with  water  and  die  ntm-ionic  species,  if  present,  precipi¬ 
tates  and  is  separated  The  remaining  clear  solution  is 
re„cfed  with  a  solution  of  a  compound  which  contains  the 
carton  M,  desired  in  the  final  product.  Thus,  the  solu¬ 
tion  can  be  reacted  with  an  inorganic  base,  an  organic 
base,  &  l  inorganic  salt,  an  organic  salt,  and  the  like.'  To 
•"a  illustrate,  the  solution  can  be  mixed  with  N'aOH.  CsOH 
BafOH  ):,  NHi,  NH4OH.  hydrazine,  substituted  amines! 
tetrasubitituted  nitrogen  basrs,  pyridine,  triclkytelrcnium 
hydroxides,  tciraalkylphosphonium  hydroxides,  and  the 
like,  to  obtain  compounds  in  which  M  covers  a  broad 
range  cf  cations.  Saits  which  can  be  used  a*,  reactants 
arc,  for  example,  chlorides,  carbonates,  acetates  cf  metals 
or  organic  bases  of  the  kind  illustrated  above.  This  step 
in  tbc  process  is  a  simple  metathetic  reaction  and  its  many 
variations  are  well-known  in  chemical  processes 
The  preferred  amides  for  use  in  the  process  arc 
-ormamides  and  acetamides  in  which  the  nitrogen,  pref¬ 
erably.  bears  two  hydrocarbon  substituents,  i.e..  com¬ 
pounds  of  the  formula 

O  o 
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50  1  IO  N  It:  and  CII.CN'n, 

in  which  R  represents  a  hydrocarbon  group  as  defined 
earlier  for  the  Lewis  bases.  However,  carboxyl:*  amides 
eenericaliy  are  operable  as  reactants,  e.g.,  acetamide,  iso- 
butyramide,  cyclohexane-carboxamide,  benzaintde  N  N- 
oj  dimethylnicthacrylamide,  N  -  methyloleylamide.  N.N-di- 
cthylstcaramidc,  N,N-dicyeIohe.':ylbcnzan:ide,  and  N.N-di- 
propyltoluamide. 

Preferred  suifoncs  are  compounds  cf  the  formula 
RvSOj.  where  R2  is  a  hvdroearbon  prp»,  usd  -' 11 -I  ear1  Mr 
60  The  products  obtained  in  this  precc’-s  can.  if  desired, 
be  purified  by  crystallization  frem  conventional  y.'lvenfs 
e  g,  wj h'i.  ©It cUfi  cbcisT  scctie  e.ifd,  Mid  ttit  Vfce. 

.  Process  D — (a  t  eneeal  erreass  for  compounds  hav¬ 

ing  X  groups,  i.e.,  groups  derxed  from  clectropirlic  re- 
05  agents).— Compounds  cf  Formulas  1,  2,  and  3  V which 
the  value  of  y  is  at  least  1  arc  picp-arcd  by  cmplo-  in?  the 
following  reactants: 

(a)  A  compound  of  Formula  4  which  includes  the 
two  subgeneric  groups  repiesented  by  Formulas  5  a  id  6. 

(b)  A  reagent  capable  of  introducing  a  mcnova’ent 
substituent,  called  herein  a?  electrophilic  group,  into  a 
benzene  nucleus  by  replacement  of  hyd’ogen  bonded  to 
a  carbon  of  said  nucleus.  This  reactant  is' referred  to  as 
■i.i  e'lv-.fi  r.,,!;  v  fcagtut  .:fid  it  is  discussed  in  more  detail 
in  the  following  paragraphs. 
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For  ptcp.ir.-ition  of  cmnpcunds  which  bear  two  or  more 
X  groups  which  a;.*  deferent.  e  c.,  — i’CMj  nnd  Cl,  a  com¬ 
pel  ml  of  !  -T.m-.l.i  I  can  Lc  employed  as  the  boron-con- 
:  iiniii"  re:  riant  which  contains  least  one  hydrogen 
and  at  lead  cue  X  group  honded  to  boron  atoms. 

Elcctrrp'ii'ie  rc.t;:  ms  which  are  bioaJly  o  pci  able  in 
the  proceo  are  .>  which  will  effect  direct  substitu¬ 

tion  of  lndrogcn  roriled  to  carbon  of  a  benzene  nucleus, 
i  e  ,  the  hy'i  \  cn  i-,  replaced  hy  a  protip  derived  from  the 
clcctiophd,:  r. agent.  I  lectrophilic  jeagents  arc  com¬ 
pounds  v.hicn  tea::  by  r--q.ii: ing  electrons  or  acquiring  a 
share  in  dent  'ns  which  previously  belonged  to  a  foreign 
molecule  is  e  inyohi.  s.Je  supra,  p.  201).  Examples  of 
electrophilic  reavers  winch  are  within  the  scope  of  the 
above  defir.i:  on  :.r.  i  which  are  operable  in  the  process  of 
the  invention  are  civen  below,  together  with  the  sub¬ 
s'.. taent  croup  wblcn  in  the  process  is  bonded  to  boron  in 
the  final  proJud. 
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In  the  above  groups.  IIs  is  a  .no-  x'a’rnt  organic  radical, 
preferably  hydri'carbon  of  at  most  18  carbons,  which  can 
I'c  alkyl,  alkenyl,  cvcioaikyl,  cycloalbcnyl,  aryl,  a'Jcaryl, 
nrnlyky!,  rr.d  the  like. 

In  the  reactions  employing  ti  e  above  electrophilic 
reagents,  a  catalyst  may  be  use  !,  c.g.,  aluminum  Iri- 
chlorcide,  boron  Iri.litoride  nnd  polyphcsphoric  acid. 
These  catalysts  are  employed  in  the  same  manner  as  in 
the  well-know  n  procedures  in  organic  chemistry.  In  some 
cases  the  bi  ron  compounds  themselves  function  as  cat¬ 
alysts,  e.c.,  in  alkylalion  of  compounds  of  the  formula 
H(BieH,-Z). 

’I  he  cK'.i  rplblic  reagents  employed  in  the  process  are 
materials  whi.li  are  usually  readily  available  or  which 
are  obtained  by  conventional  methods 

Reaction  rf  the  v,(on  compounds  of  formulas  5  and 
6  with  the  electrophilic  reagent  is  conducted  in  conven¬ 
tional  vessels  with  corrcsion-tcsistmf  inner  surfaces,  e.g., 
glass,  plntinur..,  palyftctrafuorottiiylenelresin,  ar.d  the 
like.  The  boron-cor.tainiag  reactant,  and  optionally  an 
**rf  HtjakJ  mhv  It  *1*  trscicc  swwJ 


The  electrophilic  reactant  is  then  supplied  lo  the  reaction 
vessel  at  a  temperature  and  a!  a  rate  which  will  provide 
a  controllable  reaction  and  which  will  bring  the  reaction 
to  completion  within  a  reasonable  time.  When  ciectro- 
C  philic  reagents  are  employed  which  are  hydrolytically 
stable,  wilier  or  alcohols  (methanol,  ethanol)  can  be  usvd 
conveniently  ns  a  solvent  for  the  teaction.  Other  solvents 
can  be  used,  for  example,  diethyl  ether,  benzene,  heptane, 
carbon  ietrach'oridc,  carbon  disulfide,  and  the  like. 

10  The  temperature  at  which  the  reaction  is  conduced  will 
be  determined  largely  by  the  reactivity  of  the  electrophilic 
reagent!  Jn  general,  the  temperature  will  be  between 
about  —  2U"  and  200"  C.  Preferably,  the  temperature 
will  be  between  about  0“  and  about  150*  C. 

15  The  lime  of  reaction  in  a  batch  process  will  also  depend 
to  a  considerable  extent  on  the  reactivity  of  the  electro¬ 
philic  reagent.  The  reaction  generally  ptoceeds  rapidly 
and,  with  thorough  mixing  of  the  reactants,  the  time  may 
he  as  low  as  5  minutes  or  even  less.  Generally  a  reaction 
20  time  between  about  10  minutes  and  5  hours  is  sufficient. 

It  is  desk  able  and  advantageous  to  mix  the  reactants  by 
any  suit  role  means  although  mixing  is  not  essentia;  for 
opei  ability. 

The  reaction  can  be  conducted  under  pressure,  if  de- 
25  sired,  irut  it  is  not  essential  to  us:  pressure.  In  mert  cases 
tii-3  reaction  proceeds  satisfactorily  tit  atmospheric 
pressure. 

The  proportions  in  which  the  reactants  are  used  are  not 
critical.  It  is  preferable,  in  order  to  obtain  maximum 
30  yield  of  desired  product,  to  use  at  least  one  mole  r.f  the 
electrophilic  reagent  for  each  hydrogen  which  is  to  be  re¬ 
placed  ;p.  the  boron-containing  reactant.  It  is  not  essen¬ 
tial,  however,  that  these  ratios  be  used. 

The  compounds  are  purified  by  well-known  and  rrcog- 
;»s  r.racd  j»„es;lur«'.  l\.r  ‘.table  product'.,  corretitior.af 
crystallization  procedures  are  used,  employing  water  or 
inert  oi panic  solvents,  c.g.,  bc-nzer.e,  alcohol.  Solutions 
of  the  products  can  be  treated  with  absorptive  agents,  e.g., 
activated  carbon  or  silica  gel,  to  absorb  the  major  portion  - 
of  (he  impurities. 

(5)  Fiores.-  E. — foptionn!  method  for  preparing  com¬ 
pounds  bearing  X  groups). — The  compounds  of  Formulas 
2  and  3  which  bear  at  least  one  X  group  can  be  obtained 
by  a  modification  of  the  genera!  processes  designated  as 
dl-'  X  and  C.  Ir  the  modified  process,  a  boron-containing 
reactant  is  employed  in  which  the  desired  X  group  or 
groups  are  already  present.  The  substituted  cecnhydro- 
dcetibortUe.  which  contains  at  least  one  X  group  and  at 
least  ore  hydrogen  bonded  to  boron,  is  reacted  with  the 
p®  suifc.tidc,  phosphine  oxide  or  amir.c-  oxid.-,  i.e.,  the  group 
>•*  -msdiris  desert**  -s  7—0  d*  A 

amide  is  dewi ds.<J  iti  recesses  S  aid  C-. 

The  conditions  described  previously  for  processes  A 
and  C.  apply  to  the  present  option, -d  procedure  and  the 
discussion  of  the  conditions  and  modifications  o.  the  reac¬ 
tants  need  not  be  repeated  here.  It  is  emphasized  that 
the  previous  discussion  of  the  Z-»0  and  amide  reactants 
is  fully  applicable  to  the  present  process.  • 

The  substituted  dcenhydrodecaborates  employed  as  one 
reactant  in  this  mode  of  operation  are  a  class  of  com¬ 
pounds  which  have  rot  been  described  previously  in  the 
literature.  Tins  group  of  reactants  is  represented  by  the 
general  formula 

Ma(Bj0Hl3_5..X,.)s  (20) 

G5 

where  M  and  X  r.re  defined  as  in  Formula  1 :  v  is  a  ".hole 
number  cf  1-9.  inclusive;  a  and  b  are  whole  numbers  of 
1-3,  inclusive,  whose  values  are  determined  by  the  vaicncs 
of  M  according  to  the  equation: 

”®  ,  nr  valcic*  nf 


The  substituted  pclyhydrcoecaborates  reprererted  by 
Formula  20  are  obtained  by  reacting  a  decariydrodeca- 

TS  'jwlrtP  *-*Jt  witit  iter  wag*,*  m  in 
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Piotcss  D,  employing  ihe  corn  pounds  u[  Formula  2C  iu 
place  of  the  compounds  of  Formulas  5  and  6.  The  deca- 
v  hydrodceabcratc  salts  ale  described  fully  in  ihe  paragraphs 
under  Process  A. 

The  preparation  or  substituted  poiyhydrodecaborati-s  5 
which  fall  within  the  ■■.cope  of  Formula  20  is  further  de¬ 
scribed  in  my  copending  application  Serial  No.  237,392, 
filed  November  13,  1962. 

The  operation  of  Process  15  can  also  be  modified,  as 
described  above  for  Processes  A  ar.d  C,  by  employing  as  a  io 
reactant  a  boron-containing  diazonium  compound  in  which 
the  desireci  X  group  or  groups  are  present.  The  sub¬ 
stituted  compounds  employed  as  reactants  in  lids  modifica¬ 
tion  of  Process  15  arc  represented  by  the  following  general 
formulas:  15 

M(B10H,_5X5-N2)  (2Ca) 

and 

BjoHj.tX.-ZNj  (206) 

where  M,  X  end  b  are  defined  as  in  Formula  1;  s  is  a  posi- 
live  whole  number  of  1-8,  inclusive  and  /  is  a  positive 
whole  number  of  1-7,  inclusive.  The  compounds  of 
Formulas  20c  and  206  arc  obtained  by  substitution  proc¬ 
esses  as  described  in  Process  D,  employing  MCBioMs’NjJb 
and  Su.H3-2N2  as  the  initial  reactants.  The  substituted  2- 
compounds  of  Formulas  20o  and  206  and  their  prepara¬ 
tion  arc  also  fully  described  in  my  corending  .  ••flicijlicn 
Sctinl  No.  186.270,  filed  April  9,  1962  now  icar.  dotted 
and  refiled  as  Ser.  No.  32-1, SS5  on  November  19,  '  963. 

The  procedures  described  above  provide  a  range  of  gj 
methods  for  obtaining  the  compounds  of  the  invention. 
Combinations  of  these  procedures  can  be  employed  and 
many  variations  can  be  used  which  are  within  the  knowl¬ 
edge  of  a  skilled  chemist.  To  illustrate,  a  deenborate  of 
Formula  20  bearing  X  groups  of  one  kind,  e.g.,  acetyl,  can  35 
be  reacted  with  an  oxide  of  the  formula  Z-'-O,  a  suifione. 
an  amide,  or  nitrile  and  :he  resulting  product  can  then  be 
reacted  with  art  electrophilic  reagent  to  provide  a  different 
X  group,  c.g.,  bromine,  to  obtain  a  compound  of  the 
Formula  1  in  which  the  X  groups  in  this  instance  are  40 
acetyl  and  bromine. 

(6)  Process  1 — (method  for  preparing  compounds  in 
which  X  is  —SR). — Compounds  of  the  invention  of 
Formula  2  in  which  X  is  —SR,  Z  is  — SR2  and  y  is  1,  are 
obtained  readily  by  a  process  which  employs  the  following 
as  reactants:  45 

(a)  BioH3'2SR2,  i.e.,  a  species  of  the  compounds  of 
Formula  7,  where  y=0  and  R  is  defined  as  in  the  discus¬ 
sion  of  Formula  I. 

(b)  A  trisubstituted  phosphine  (R.(P),  where  R  is  de¬ 
fined  as  in  Formula  1,  and  is  preferably  an  alkyl  group  of  50 
at  most  8  carbons;  or  an  alkali  metal  phthalimide  in  which 
the  alkali  metal  is  sodium  or  potassium. 

The  preparation  of  the  first  reactant,  BicH3-2SR;,  has 
been  described  in  previous  paragraphs.  The  group  of 
compounds  from  which  the  second  jeactant  is  selected  are  55 
readily  available  and  well-known  compounds,  i.e.,  tertiary 
phosphines  and  alkali  me  ml  nhthalimides. 

The  process  is  conducted  most  conveniently  bv  simply 
mixing  the  react  a  :ts  in  a  corrosion-resistant  vessel  at 
atmospheric  pressure  and  heating  the  mixture  until  the  60 
reaction  proceeds  at  a  satisfactory  rate  to  bring  it  to  com¬ 
pletion  within  desired  time.  The  rectants  can,  if 
desired,  be  mixed  in  an  inert  liquid  medium  to  assist  in 
maintaining  good  contact  between  the  components.  This 
mode  of  operation  is  generally  employed  where  both  re-  05 
actants  are  solids  at  the  operating  temperature,  e.g.,  in  ti  e 
process  employing  an  alkali  metal  phlha'imide.  Inert 
liquid  media  are  liquids  which  do  not  enter  into  the  reac¬ 
tion  under  the  conditions  employed  and  which  are  recov¬ 
ered  unchanged.  Classes  of  operable  inert  liquid  media  70 
are  N.N-disubstiiuted  amides,  nitriles,  esters,  and  the  like. 
Specific  examples  of  liquid  media  are  N.N-dimethy'form- 
amide,  N.N-dinielhylacetanu  <e,  acetonitrile,  ethyl  ben¬ 
zoate,  and  the  like.  When ’one  reactant  is  a  liquid  at 
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lion  is  readily  coiuluwtc  d  m  the  uf  any  Other  liquid 

medium. 

As  in  the  description  of  previous  processes,  mole  ratio 
of  rcactanls,  time  of  reaction,  and  pressure  arc  not  critical 
features  in  the  operation  of  the  process.  The  ratios,  moles 
B:oH0-2Sn2/moies  R;P  or  moles  BioHs-2SB2/moles 
phthalimide,  can  lie  between  about  0.2  and  4,  preferably 
these  ratios  lie  between  0.5  and  2.0.  Pressure  can  be 
superatmospheric,  atmospheric  or  subatmosphcric  but  for 
convenience  and  simplicity,  'he  operation  is  normally  per¬ 
formed  at  atmospheric  pressure.  The  temperature  of  the 
reaction  employing  phosphines  will  usually  lie  between 
about  140°  and  250°  C.;  with  phtbalimides  as  reactants, 
the  temperature  is  generally  between  about  100-150°  C. 
In  many  cases  the  temp- ratine  at  which  the  liquid  medium 
or  liquid  reactant  refluxes  is  employed  as  a  convenient 
means  of  controlling  the  reaction. 

(7)  Process  C — (methods  for  obtaining  compounds  in 
which  the  R  groups  in  Z  are  dissimilar). — Compounds  in 
which  the  R  groups  ir,  Z,  e.g.,  in  SR;.  PR:,  and  NR-,  are 
uniike  arc  obtained  as  described  earlier  in  Process  3  and 
they  can  also  be  obtained  in  general  Process  A  by  employ¬ 
ing  sulfoxides,  phosphine  oxides  ar.d  amine  oxides  as  re¬ 
actants  in  which  the  groups  bonded  :o  sulfur,  phosphorus 
or  nitrogen  are  uniike.  To  illustrate,  methyl  phenyl  sulf¬ 
oxide,  dimethyl  loiyj  phosphine  oxide,  N-dimethyl-N- 
butylaminc  oxide,  ami  the  like  can  be  u-ed  as  reactants  to 
obtain,  e.g.,  BltH3-23;CH3)  (C3Hj), 

MB15H9-2P(CHJ)a(C,H») 

and  B1(,H8-2N(CH;),fC4H3). 

Optionally,  in  the  general  Process  A,  the  reaction  can  be 
conducted  with  one  Z-^-O  reactant  until  the  ionic  com¬ 
pound  of  Formula  2  or  5  is  obtained.  The  ionic  product 
is  then  reacted  with  a  second  and  d:fiferent  Z-^O.  To 
illustrate,  MBi0H3-SlCjH7)2  is  prepared  by  employing 
(C-H7)2S=0,  in.  the  first  step  of  the  reaction,  the  ionic 
product  is  isolated  ar.d  then  reacted  with  a  second  suif- 
oxide,  e.g.,  (C2H5);S=0,  to  obtain 

B,.,:I8S(C2H3);-S(C:H,)2 

A  third  process  employs  at  reactants  (1)  a  compound 
of  the  formula  MB;.;HfSR-Sib2,  obtained  by  Process  F, 
and  (2)  an  organic  sulfate  (Rc)2S04.  where  R5  is  a  mono¬ 
valent  organic  group  which  can  be  the  same  as  but,  pref¬ 
erably,  is  different  than  R.  Thus,  by  employing  a  boron 
reactant  in  which  R  is  alkyl  and  a  sulfate  in  wh  ch  Rs  is 
aryl,  a  compound  of  Formula  7  can  be  obtained  m  which 
one  R  is  alkyl  and  one  R  is  aryl.  It  is  thus  obvious  that 
the  process  Is  versatile  and  that  it  provides  means  of  ob¬ 
taining  non-ionic  compounds  having  a  wide  range  of 
substitutents. 

The  compound  MBi-.FqbRSR;,  employed  as  one  re¬ 
actant.  is  fully  descriseJ  in  all  its  variations  in  Process  F 
in  which  it  is  a  final  product.  It  need  not  be  discussed 
further  in  the  third  process,  referred  to  above. 

The  group  R6  in  (R6)2S04  can  be  an  organic  group, 
preferably  hydrocarbo: .  For  reasons  of  availability,  re¬ 
actants  are  preferred  in  which  Rc  is  an  aliphatically  sat- 
uraicd  hydrocarbon  of  up  10  lf>  caibons.  Thus,  Rs  can 
be  alkyl,  cycloalkyl,  aryl,  alkaryl  or  aralkyl.  Examples 
of  compounds  which  car.  be  employed  as  rcacmnls  in  the 
process  are  dimethyl  sulfate,  diethyl  sulfate,  diphenyl  sul¬ 
fate,  and  the  like. 

The  piccess  is  conducted  most  conveniently  by  mixing 
the  reactants  in  an  inert  solvent,  i.e.,  a  solvent  which  is 
ur.reaclive  with  the  components,  in  a  corrosion-resistant 
vessel.  The  pressure  employed  is  normally  atmospheric 
although  lower  or  higher  pressures  can  be  used  if  desired. 
The  temperature  of  the  reaction  is  not  critical  and  it  *.vill 
usually  lie  between  0*  and  225°  C.  The  o-limum  tem¬ 
perature  will  depend  to  some  extent  on  ether  conditions 
of  tl.e  reaction,  for  example,  reactivity  cf  li.e  components, 
time  of  reaction,  pressure  employed,  ar.d  effectiveness  of 
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conditions  which  can  be  used  is  well  within  the  shill  of  a 
competent  chemist. 

The  ratio  in  which  the  reactants  are  employed  is  not 
1  crtlxsl,  NorrrtHy  **.»  ratio,  tnolea  M5jUM^R-Saa^ 
malts  (R');S04l  will  lie  between  0.1  and  10,  preferably  6 
between  0.5  and  5. 

In  an  especially  preferred  method  of  operation,  a  watcr- 
mbcible  liquid  reaction  medium  is  employed,  e.g.,  di- 
m-ethylformamide.  Upon  completion  of  the  reaction,  the 
mixture  can  be  diluted  with  water  which  results  in  pre-  jg 
cipitation  of  the  desired  compound.  This  mode  of  opera- 
tier..  therefore,  permits  easy  isolation  of  the  final  product. 

(S)  .Modification  of  X  groups. — The  X  groups  intro¬ 
duced  by  direct  reaction  of  poiyhydrodecaborates  with 
^..'nuj'inn.  . o.t .'ii. )  .nit  UndCiCo  iuiliiCi  modification  by 
conventional  chemical  processes,  e.g.,  reduction,  esterifi¬ 
cation,  hydrolysis,  oxidation,  amidation,  diazotizaiion,  and 
the  like.  To  illustrate,  nitro  groups  are  reduced  by  iron 
and  aqueous  acid  to  amino  groups,  by  lithium  aluminum 
hydride  to  azo  and  hydrazo  groups;  carboxy  groups  are  20 
reacted  with  alcohols  to  form  esters,  with  ammonia  cr 
ami.ies  to  form  amides,  with  phosphorus,  halides  to  form 
acvl  halides:  sulfonyl  halide  croups  are  reacted  with  am¬ 
monia  or  amines  to  form  sulfonamides;  diuzonium  halide 
substituents  at  i  coupled  with  aromatic  compounds  to  form  25 
azo-type  linkages;  cyano  groups  are  hydrolyzed  to  amide 
groups  and  carboxyl  groups;  etc.  These  reactions  are 
veil  known  and  fully  described  in  texts  on  organic  chem¬ 
istry  and  the  methods  described  in  such  texts  are  useful 
in  modifying  the  X  groups  in  the  new  compounds  of  the  30 
invention.  For  a  description  of  organic  aromatic  reac¬ 
tions,  see,  for  example,  Warner  and  Zook,  ‘‘Synthetic 
Organic  Chemistry,"  John  Wiley  &  Sons,  Inc.  (1953). 

(9)  Metathetic  reactions. — Compounds  of  Formula  1 
wherein  M  covers  a  wide  range  of  cations  are  obtained  35 
by  simple  metathetic  reactions  employing,  c.g..  the  am¬ 
monium  or  telraalkylammcnium  salts  obtained  in  the 
processes  described  earlier.  To  illustrate,  an  aqueous  so¬ 
lution  of  a  compound  of  Formula  I  where  M  is  NH4t 
is  contacted  with  a  strong  acid  or  with  a  strongly  acidic  '19 
cation  exchange  resin  to  obtain  the  free  acid,  i.e.,  a  com- 
pound  of  Formula  1  in  which  hi  is  H.  The  acid,  &ea- 
eraily  in  solution,  is  reacted  with  oxides  of  metals,  hy¬ 
droxides  of  metals  salts  of  metals  (both  organic  and  in- 
c-:ganic),  nitrogen  bases,  sulfonium  hydroxides  or  halides,  45 
phosphenium  hydroxides  or  halides,  aryldiazcnium  hy¬ 
droxides  or  halides,  and  similar  types  of  compounds  to 
obtain  products  of  Formula  1  which  have  (he  desired 
cation  M.  In  a  process  employing  an  icn-exchange  resin, 
s'rcngly  acidic  resins  of  the  sulfonic  acid  variety  are  pre-  gg 
ferred  because  of.availability,  e.g.,  “Ambcilitc  I R- 120-11” 
and  “Dowex  50.”  The  acid,  so  obtained  in  aqueous  solu¬ 
tion,  can  be  reacted  with  nitrates,  chlorides,  bromides, 
acetates,  benzoates  and  similar  salts  of  metals  or  other 
bases  to  obtain  salts  of  Formula  1.  gg 

Compounds  of  Formula  1  where  M  is  an  alkali  or 
alkaline  earth  metal,  e.g.,  Na,  K.  Cs,  Ca,  Ba,  Mg,  and 
Sr,  can  undergo  simple  metathetic  reactions  with  other 
salts  to  effect  an  exchange  of  cations.  Thus,  NaBI0H9-Z, 
where  Z  is  defined  in  Formula  1.  can  be  reacted  in  aque-  gg 
cus  solution  with  ammonium  sulfate,  benzer.cdiazonium 
hydroxide,  pyridiniurn  chloride,  mnrpholiniuni  sulfate, 
polyethyleneunine.  hydrochloride,  and  the  like,  to  form 
compounds  of  Formula  1  having  ammonium,  benzene- 
chzonium,  pyridinium,  morpholinium,  and  the  like,  as  gg 
cations.  These  illustrations  are  rot  limiting  and  they  dem¬ 
onstrate  the  breadth  of  metathetic  reactions  which  can 
be  used. 

The  products  of  the  invention  and  processes  for  obtain¬ 
ing  tin  m  are  illustrated  in  the  following  examples.  yg 

Preparation  of  boron-cot.taming  reactants 

The  preparation  of  a  representative  decahydrodecabo- 
rati  salt  u.-ed  as  a  reactant  i.e,  ji  de¬ 

scribed  ir.  Example  A.  The  preparation  of  a  rcprescnla-  75 


20 

five  substituted  jvdyhydnvWrhfirnte  salt,  w''ich  tor  hi 
used  as  a  reactant,  is  described  in  Example  B.  The  prep¬ 
aration  of  inner  diazonium  derivatives  having  the  struc¬ 
tural  wd!  -E^Hj  M.  is  Jrteriled  fn  Cxwnple  C. 

EXAMPLE  A 

Preparation  of  (NH4)2Bi0Hiq 

A  reaction  vessel  having  a  capacity  of  about  365  parti 
of  water  is  charged  with  0.79  part  of  decaborane(14), 
cooled  in  liquid  nitrogen,  and  then  evacuated  to  a  pres¬ 
sure  of  10  microns  of  mercury.  Approximately  21  parts 
of  methyl  sulfide  is  condensed  onto  the  decaborane  in 
the  reaction  vessel.  The  reaction  vessel  is  closed,  allowed 
to  warm  to  room  temperature  about  25’  C.)  and  stand 
tor  4  days.  During  this  period,  5.6  millimoles  of  hydro¬ 
gen  are  evolved.  The  reaction  vessel  is  opened  and  excess 
methyl  sulfide  is  removed  by  distillation,  leaving  a  prac¬ 
tically  quantitative  yield  of  white  solid  residue  of 
Bi;H12-2S(CH3)2.  The  compound  is  recrystallized  from 
ethyl  acetate  and  it  melts  at  122-124'  C.  The  compound 
is  called  bis(dimcthyhulfide)c?caborane(12). 

Bis(dimethylsti!fide)decnbon:ne(12)  (8.5  e.)  is  mixed 
with  50  milliliters  of  liquid  ammonia  and  stirred  in  a 
round-bottom  reaction  vessel  for  1  hour  with  the  vessel 
being  cooled  to  a  temperature  of  about  —50“  C.  by  par¬ 
tial  immersion  in  a  mixture  c:  solid  carbon  dioxide  and 
acetone.  The  cooling  bath  is  then  removed  nnl  the 
excess  ammonia  is  allowed  t-->  evaporate  with  stirring. 
The  remaining  traces  of  ammonia  arc  removed  by  sub¬ 
jecting  the  residue  to  a  high  vacuum  (0.01  mm.  of  mer¬ 
cury)  at  25“  C.  There  is  obtained  5.6  g.  of  solid  residue 
which  is  virtually  a  quantitative  yield  of  Jiammonium 
decahydrodecaborate(2~),  i.e.,  (N'Ht)2Bi0H:0. 

EXAMPLE  B 

Preparation  of  [(CH,)4N]:B10H0C(O)C0H, 

An  aqueous  solution  of  40  g.  of  diammonium  decahy- 
drodi:cn;orate(2-)  prepared  as  described  in  Example  A, 
is  passed  through  a  column  packed  with  2000  mi.  of  a 
commercial  acidic  ion-exchsnge  resin  (“Ambcrlitc 
JR-120-H”).  The  effluent  is  warmed  tc  about  40°  C. 
ar.J  it  is  evaporated  under  reduced  pressure  (about  10 
mm.  cf  Hg  or  less)  to  a  volume  of  70-80  ml.  The  con- 
cet  trated  solution,  which  contains  the  arid  HjBi0H10, 
also  referred  to  in  solution  as  vHiOIjBjjHu),  is  chilled  to 
about  5“  C.  About  200  ml.  of  1,2-dimetboxyethane  is 
added  to  the  chilled  solution  w’th  stirring  and  34  ml.  of 
benzoyl  chloride  is  then  added.  The  reaction  mixture  is 
stirred  at  about  25°  C.  for  two  days  to  yield  a  dark  red 
so  ution.  A  solution  is  prepared  consisting  of  SO  g.  of 
tetramcthylammonium  chloride  and  375  mi.  of  methanol 
and  this  solution  is  added  with  stirring  to  the  red  reaction 
mixture  at  atmospheric  temperature.  A  precipitate  forms 
which  is  separated  by  filiation.  The  dark  red  filtrate 
is  stirred  and  aqueous  te'nmethylanunonium  hydroxide 
is  added  until  the  color  changes  abruptly  to  a  light  hue. 
At  this  point  an  additional  5-10  g.  of  tctrameihylam- 
monium  hydroxide  is  added.  The  icaction  mixture  is 
poured  slowly  and  with  stirring  into  1400  ml.  of  ethanol. 
A  precipitate  forms  which  is  separated  by  filtration  to 
yield  about  25  g.  of  bis( tetramcthylammonium)  mono- 
ben  'ylnccah)'drodecaborate(2-),  i.e. 

o 

I(CIIi)4N!j3:iHiC  C*Hf 

EXAMPLE  C 

Preparation  of  B;oHs-2N2  and  B,oH6-S(CH3)2-N2 

A.  A  solution  consisting  of  20  g.  of  (NH<);B,oH,„  in 
150  ml.  of  water  is  mixed  with  a  solution  of  100  g.  of 
NaNCh  in  250  ml.  of  water.  The  solution  is  chilled  to 
0-10“  C.  and  a  handful  of  cracked  ice  is  added.  As  the 

*'  (  3  ttH.  of  K6I  hyjfv. chloric  acid  is  added  ru 

small  portions  with  stirring  aac  ice  is  added  as  needed 
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to  'keep  the  temperature  of  the  reaction  mixture  below 
IS*  C  A  pc  -ipfi-iie  forms  which  it  separated  by  filliv 
lion  to  give  the  solid  product  ar.d  Filtrate  “A."  The 
solid  is  dissolved  in  methanol  .md  NnBH,  is  added  in 
sutfirient  i)tianti!y  to  reduce  the  intermediate  product. 
I  he  solution  is  stirred  a  few  minutes,  water  is  added  and 
l)!0Ut precipitate*.  The  compound  is  separated  and 
reeivsiaMi/cd  from  .mucous  ethanol. 

Zinc  and  hydrochloric  acij  arc  added  to  Filtrate  “A" 
and  the  mixture  is  stirred.  A  further  quantity  of 

H, ;ilj-2N2  piecipitates  ar.d  it  is  purified  as  described 
earlic-.  The  total  quantity  of  BlaIl3-2N2  which  is  ob¬ 
tained  is  5.2  p. 

It.  \  nitrous  acid  «oluiicin  is  prepared  at  ahout  0“  C.. 
ficc-w.iter  tcmpcratuic)  consisting  of  10  ml.  of  water, 

I. 4  g.  of  N.iNO,  and  6  ml.  of  12%  HCI  solution.  The 
nitrous  acid  solution  is  milled  with  stirring  to  a  chilled 
solution  ((MO*  C.)  consisting  of  25  ml.  of  water  and 
4.0  g.  of  the  hydrate  of  N:’.H||..M3-S(CH3)2  obtained  as 
described  in  F sample  42,  Part  I).  A  brown  solid  forms 
which  is  separated  hv  lilt r:.t ion  and  washed  thoroughly 
with  water.  The  solid  is  extracted  three  times  with 
ethanol.  The  ethanol  extracts  are  combined  to  form  a 
clear  red  solution,  zinc  and  hydrochloric  acid  are  added 
in  excess,  i.rul  the  mixture  is  stirred  until  the  color 
changes  from  ted  to  preen.  The  solution  is  separated 
fiom  imrcncted  zinc  and  the  liquid  is  diluted  with  three 
times  its  volume  of  water.  The  precipitate  which  forms 
is  separated,  washed  and  dried  to  yield  0.25  g.  of 

bl0lf,-S(CH3)2-N2 

The  compound  is  rccrystellizcd  from  aqueous  ethanol. 
It  melts  at  125-137*  C. 

EXAMPLE  D 

A  pressure  xo.sel  (capacity,  400  ml.)  is  charged  with 
19.0  g.  of  Nalllli  ..n.t  75  ml.  of  dry  tricthylaniine.  The 
vessel  is  cooled  in  a  solid  carbon  dioxide-acetone  bath 
and  the  internal  pressure  is  reduced  to  less  than  1.0  mm. 
Pi  assure  by  means  of  a  vacuum  pump.  Diboranc  (36.0 
?■)  is  introduced  into  the  vessel  which  is  then  closed. 
1  he  mixture  is  healed  with  agitation  for  10  hours  at 
1110*  C.  Alter  cooling  the  vessel  and  venting  to  remove 
volatile  products,  there  remains  a  solid  residue  which  is 
washed  from  the  vessel  with  gtyme  (1,2-dimethoxy- 
cthanel.  The  solid  is  separated  by  filtration  and  it  is 
again  washed  with  glynie.  Tire  washed  solid  is  dissolved 
in  hot  tetraliviirofuran  and  the  solution  is  fiitered  to 
remove  a  small  quantity  of  insoluble  product.  The  fil¬ 
trate  is  lie  ited  to  boiling  and  glyme  is  added  slowly  until 
solid  begins  to  separate.  The  mixture  is  chilled  and 
it  is  then  filtered  to  separate  the  white  crystals.  These 
vry.-.laU  arc  washed  with  g'.jme  and  dried  at  less  than 
0.001  mm.  pressure  at  90-100°  C.  to  yield  43.9  g.  of 
N.'.»BisHi2  containing  glyme  and  water  of  solvation.  Fur- 
tli.r  treatment  of  the  filtrate  yields  an  additional  5.4  g. 
of  the  product.  The  product  is  dissolved  in  water  ar.d 
the  solution  is  evanoraied  to  dryness  to  obtain  a  com¬ 
pound  of  the  formula  Na2Bl:>Hl;,-HjO. 

A  reaction  vessel  is  charged  with  120  ml.  of  water  and 
20  g.  of  the  mononydralc  of  NaaBirH12.  The  solution  is 
cooled  in  a  mixture  of  ice  and  water  and  chlorine  gas  is 
hubbled  through  the  solution  until  no  further  absorption 
of  chlorine  is  evident.  The  solution  is  warmed  to  about 
30*  C.  and  pas-cige  of  chlorine  gas  is  continued  until  no 
furtner  uptake  of  chlorira  occurs.  The  reaction  mixture 
and  50  g.  of  cl  lorine  is  now  charged  into  a  corrosion-re¬ 
sistant  pressure  vessel  and  the  mixture  is  heated  under 
autogenous  pressure  at  150°  C.  for  2  hours.  The  vessel 
is  cooled,  vented  to  the  air,  and  the  reaction  mixture  is 
washed  from  the  vessel  with  water.  The  solution  is  neu¬ 
tralized  with  Mi4GH  and  filtered.  The  filtrate  is  mixed 
with  an  aqueous  solution  of  (CH3)4NCl  and  the 

[(CHjJ^J.BuClu 


which  precipitates  is  separated,  washed  and  dried  in  air. 
U  is  redir, solved  in  a  minimum  quantity  uf  x\aur  c.d  the 
solution  is  passed  through  a  column  packed  with  an  acidic 
ion-exchange  resin.  The  eluate  is  evaporated  under  re- 
6  duccd  pressure  at  25°  C.  to  obtain  the  hydrate  of 
H2B12C112  as  a  crystalline  white  solid. 

PREPARATION  OF  NEUTRAL  (NON-IONIC) 
COMPOUNDS 

jq  Example  1 

A- glass  reaction  vessel  is  charged  with  3.0  g.  of  diam¬ 
monium  dcctlhydrodecaborate  [(NH4j28.0Hio]  and  50 
ml.  of  dimethyl  sulfoxide.  Anhydrous  hydrogen  chloride 
(0.01  ntole)  is  passed  into  the  mixture  with  stirring.  The 
15  reaction  mixture  is  stirred  for  1.5  hours  at  substantially 
atmospheric  pressure.  Excess  benzene  is  added  to  the 
mixture  and  the  ammonium  chloride  which  piecipitates  if 
separated  by  filtration.  The  benzene  filtrate  is  extracted 
with  petroleum  ether  and  the  solution  which  is  insoluble 
20  in  petroleum  ether  is  diluted  with  water.  A  white  solid 
precipitates  which  is  separated  by  filtration.  There  is 
obtained  0.33  g.  of  bisfdimethy!su:fidc)decaborane(8). 
The  compound  is  rccrjsialiizcd  from  alcohol-water  solu- 
tion  and  it  melts  at  263-266°  C.  Tee  compound  has  the 
i0  formula  B!0Ha-2S(CH3)2. 

Analysis. — Calc’d  for  B,0Ha-2S/CHi)^  B,  45.0;  C, 
59.98;  H,  8.39;  S,  26.62:  M.W.,  240.  Found:  B,  44.29; 
C,  19.36;  II,  7.71;  S,  26.6S;  M.W..  220. 

The  infrared  sp  .-ctriim  of  the  compound  shows  a  strong 
absorption  band  at  4.0u  and  weaker  absorption  bands  at 
7.0 p,  7.5 ii,  9.65fi,  I0.0;ii,  10.4.«,  IO.S.%,  U.5,t,  12.4/.,  13.7 p, 
and  14.5a.  The  compound  does  not  reduce  a  solution 
of  silver  nitrate  in  alcohol. 

35  Example  2 

A.  A  glass  reaction  vessel  is  charged  with  30  g.  of  di- 
a inomnium  dccahydrcdecaborate  and  105  cc.  of  dimethyl 
sulfoxide.  The  mixiure  is  stirred  until  a  clear  solution 
is  formed  and  anhydrous  hydrogen  chloride  is  then  bttb- 
bled  into  the  mixture  with  continued  stirring.  An  exo¬ 
thermic  reaction  sets  in  and  the  vessel  is  immersed  in  an 
ice  bath  to  maintain  the  temperature  below  45°  C.  A 
large  quantity  of  amomnium  chloride  forms  as  a  precipi¬ 
tate  and  the  solution  is  filtered  to  separate  the  solid.  The 
45  filtrate  is  returned  to  the  reaction  vessel  and  passage  of 
hydrogen  chloride  is  continued  until  the  reaction  is  no 
longer  exothermic.  The  mixture  is  filtered  again  and  the 
filtrate  is  diluted  with  water.  A  sticky  mass  forms  which 
is  separated  by  decantation  of  the  xvatcr.  The  mass  is 
50  triturated  alternately  with  water  and  with  acetone  to  sep¬ 
arate  the  portions  which  are  soluble  in  each  of  these 
liquids.  The  acetone  extract  is  diluted  with  water  and 
the  solid  which  precipitates  is  separated  by  filtration. 
The  solid  is  purified  by  repeated  solution  in  acetone  and 
55  precipitation  with  water  and,  finally,  by  crystallization 
from  acetone-water  solution.  The  solid  so  obtained, 
which  is  Bj:H8-2S(CH3)2,  melts  at  265-266°  C. 

Analysis. — Calc’d  for  B;oHg-2E;.CH3)2:  B,  45.0;  C, 
19.98;  H.  8.39;  S,  26.62.  Found:  B,  44.69;  C,  19.56;  H, 
00  8.32;  S,  27.19. 

The  infrared  spectrum  shows  the  same  absorption  bands 
as  the  compound  o:  Example  1.  La  addition,  the  follow¬ 
ing  weak  bands  are  also  observed:  1 1.2.*,  11.75/1  and 
l2.Jp. 

05  B.  A  reaction  vessel  is  charged  wiih  a  solution  con¬ 
sisting  of  4.0  g.  of  (NH4):o,0Hjo  1 0.026  moles)  and  20 
ml.  ol  dimethylsulfoxidc  (about  0.25  mole).  The  vessel 
is  immersed  in  an  ice  bath  and  hydrogen  chloride  gas  is 
bubbled  into  the  mixture  for  1  hour  at  a  rate  to  maintain 
70  the  temperature  at  about  6(  °  C.  The  reaction  mixture 
is  poured  into  200  ml.  of  cold  water  and  the  solid  product 
which  forms  is  separated  by  filtration.  The  product, 
which  is  B10H8-2S(CH:)j,  is  recrystallized  from  50% 
aqueous  chanol.  V tela,  41  %. 

75  C.  A  reaction  vessel  is  charged  with  a  mixiure  consist- 
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ins  of  0.106  n-clc  of  (Nil4);B|o’Iio.  20  ml.  of  glacial 
. i c i. ! ij  .twiil.  ,ntd  0.0-55  m*.  1  i  ul  ilniiLtliyi^ulIoAiilc.  Ily- 
ilnvicn  ihlornle  bubbled  into  t!ie  mixture  for  about  one 
hour.  The  reaction  is  exothermic  in  its  initial  stage  (for 
about  15  minutes)  aril  the  mixture  is  cooled  to  maintain  5 
a  tcmperain-e  of  about  60“  C.  Following  completion  of 
the  reaction,  the  itii.xu.ro  is  cooled  slowly  to  about  25“  C. 

The  precipitated  mater  al  is  separated  by  filtration  and  it 
is  "ashed  thoroughly  with  water.  The  compound 
H:"l'i'2S(CH,).i  is  ol  mined  in  substantially  pure  form  jq 
in  better  than  )U%  yield. 

Example  3 

A.  The  p  cress  of  Pxamplc  2,  Part  B,  is  repeated  em- 
plnying  0.0:6  ino'e  ( N!i4 !-.'II.-oHu,  0.015  moie  of  diethyl-  jg 
sulfoxide  ;  ad  20  ml.  oi  glacial  acetic  acid.  Bis(dicthv)- 
suiii.te’ideeahoiar.ct  S),  i  e.,  li,0!-i8-2S(C;Hj)o,  is  obtained 
in  '.••.cet'ent  \i--ld  as  a  white  ciystalline  solid,  M.P.  70“  C. 

I'..  A  reaction  us. el  is  charged  with  10  ml.  of  water, 

9  p  ef  iNII,);U|i;H;3  and  15  ml.  of  concentrated  aqueous  2q 
hydrochlmie  acid.  The  mixture  is  ctirve-J  until  a  solution 
is  obtained  and  14  g.  ot  diethyl  sulfoxide  is  added  with 
Stirling.  An  c '(.thermic  icaction  sets  in  nud,  after  a  few 
‘•ceond-t  warmin':  on  a  steam  bath,  about  3  ml.  of  water  is 
uddeu  to  tbc  mixture  to  reduce  t lie  vigor  of  the  reaction.  r>g 
The  mixture  is  .-titled  until  it  cools  to  about  25s  C.  and, 
at  this  point,  ,t  won-isi';  of  two  layers.  The  reaction  mix¬ 
ture  is  cxti.icl  with  chloroform  and  the  extract  is  dried 
successively  with  calcium  chloride  and  with  anhydrous 
calcium  suil.tte.  The  dried  extract  is  tillered  and  the  -jo 
WHwsjfiM4ii  f§  Hiiidiu!  by  wtfujwifon.  The  Msshfee  Is 
i.issolxcd  in  ethy  l  acetate  and  petroleum  ether  is  added 
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then  dried  over  CaCl2.  The  dried  solution  is  filtered  and 
the.  filtrate  i»  lAuc-oratcd  to  dryness  to  obtain 

Bl0H,-2S(CH;C6H5)a 

as  a  white  crystalline  product.  It  is  purified  by  rccrystal- 
lization  from  chloroform-petroleum  mixture.  The  prod¬ 
uct  mcits  at  13S’  C. 

Analysis. — Calc’d  for  B10Hs-2S(CH;C5H5)a:  C,  61.9; 
H,  6.6;  B,  19.9.  Found:  C,  60.8;  H,  6.8;  B,  18.9. 

Example  4 

A  reaction  vessel  is  charged  with  0.053  mole  of  an  or¬ 
ganic  sulfide  aricl  20  ml.  of  glacial  acetic  acid.  The  vessel 
is  cooled  in  an  ice  both  and  0.053  moie  of  30%  hydrogen 
peroxide  is  added  dropwise  with  stirring.  The  tempera¬ 
ture  is  maintained  at  about  50“  C.  during  this  phase  of  the 
process.  After  addition  of  hydrogen  peroxide  is  com¬ 
pleted,  the  mixture  is  preferably  allowed  to  stand  one  or 
more  hours  at  25*  C.  if  the  sulfide  employed  as  a  reactant 
bears  an  aryl  group.  In  the  event  alkyl  sulfides  are  em¬ 
ployed,  the  reaction  proceeds  rapidly  and  the  mixture 
nerd  not  stand  for  a  period  of  time.  Following  comple¬ 
tion  of  the  hydrogen  peroxide  reaction,  4  g.  of 

(NHi)2B10Hio 

are  added  io  the  reaction  mixture  with  stirring.  Hydro¬ 
gen  chloride  gas  is  bubbled  into  the  mixture  for  about  1 
hour  and  the  temperature  is  maintained  at  about  60“  C. 
during  the  initial  exothermic  stage  of  the  reaction.  The 
product  is  isolateo  as  described  earlier.  The  process  de¬ 
scribed  at  •  VC  .  S  UJLvi  to  UU...1.I  tdilv  .J 1 1 ,  |  .  III.  jCjltllltii 

in  Table  I. 


TABLE  I 


Orpuric  Sul/IJo 

Ex  utf  uut 

Pecsborato 

ftcai  tout 

Compound  Obtained 

Physical  Properties 

FtCTLCKiCtr.), . 

s=(t.:it1cii;CHiCH!)>... 
men.)  ;c:iii) . 

(NHi)»B.oHi« . 

(NlMjBiottw . 

(NHiljBioUu . 

BitTfi.2S(CIi:CIIiCUi)i . 

liidU-23(Cj:.C]i-,Cll,Oir,1( . 

itjcUi*2Si(;r:’(C'irj)..  . 

Clear  liquid. 

Do. 

tVhite  cryrtallino  solid. 

to  ti  e  ro'ution  until  an  oil  separates.  The  mixture  is 
cbi'.icd  in  ice  for  about  1  hour,  after  which  it  is  allowed 
to  stand  about  15  hours  at  prevailing  atmospheric  tern-  40 
perr.turc  (about  25“  C.).  Partial  crystallization  of  the 
oil  occurs  and  separation  of  the  crystals  is  effected  by 
filtration.  Tbc  crystals  arc  bk(ciiethylsuifide)decabo- 
ranc(S),  ie.,  BlnHj-2.S(C2Ha)2.'  The  identity  of  the 
compound  is  confirmed  by  :.s  infrared  absorption  spec-  so 
trum. 

in  the  process,  as  illustrated  in  Examples  2  and  3,  inert 
sohents  other  than  water  and  glacial  acetic  acid  are  oper¬ 
able.  To  illustrate,  (NII4)3BioTIio.  rC2Hs)2SO  and  HCi 
•  arc  reacted  in  methanol  or  in  1,2-dimethoxyethane  to  form  55 
B,6H4-2S(C2Hj)s. 

The  sulfoxides  employed  in  the  process  illustrated  in 
Examples  1-3  can  advantageously  be  prepared  in  situ  by 
oxidizing  the  organic  sulfide  with  hydrogen  peroxide. 
This  method  of  operation  is  illustrated  in  Examples  3-A,  00 
4  and  Examples  6-20. 

Example  3-A 

A  solution  of  1 1.1  g.  of  diberzyl  sulfide  in  20  ml.  of 
glacial  acetic  acid  is  cooled,  stirred  and  5.9  g.  of  30%  by-  55 
drogen  peroxide  is  added  dropwise.  The  temperature  is 
maintained  below  20*  C.  The  mixture  is  allowed  to 
warm  to  atmospheric  temperature  (ca.  25“  C.)  and  4.0  g. 
of  (NH«):B|0Hio  is  added.  The  ammonium  salt  does 
net  dissolve  in  the  reaction  m  xturc.  Hydrogen  chloride  70 
gas  is  bubbled  into  the  mixture  for  one  hour  and  the  tem¬ 
perature  is  maintained  below  (.0°  C.  A  heavy  gum  forms 
on  the  bottom  of  the  reaction  mixture.  The  gum  is  sepa¬ 
rated  and  it  is  dissolved  in  chloroform.  The  solution  is 

washed  With  WtT.CT  m.U  !V.l&  ti^u.eiia  iCaCOa  Suiui.utl  diiil  j  5 


Example  5 

A  solution  is  prepared  consisting  of  21.4  g.  of  thiophe- 
nol:  10.9  g.  of  KOH  and  ’.00  nil.  of  ethanol.  To  this 
solution,  31.5  g.  of  B10Ha-2CH35C(;H5  (prepared  as  de¬ 
scribed  ii  Example  4)  is  added  and  the  resulting  suspen¬ 
sion  is  ri  fluxed  for  6  hours.  The  reaction  mixture  is  fil¬ 
tered  i  n  i  a  solution  of  60  g.  of  CsF  in  100  ml.  of  ethanol 
is  added  to  the  filtrate.  A  white  precipitate  forms  which  is 
separated,  washed  and  reerystallized  from  aqueous  ethanol 
to  obtain  Cs2Bi-H8(SCcH5)-.  This  compound  is  employed 
as  a  reactant  in  the  next  step  of  the  process. 

A  solution  of  3.2  g.  of  allyl  bromide  in  10  ini  of  di- 
methyiacc-tamiJe  is  added  dropwise  and  with  stirring  to  a 
solution  of  6.0  g.  of  Cs2BI0H8(SC6H5)2  in  25  ml.  of  di- 
methylacetamide.  A  white  precipitate  forms  immediately 
which  is  CsBr.  It  is  separated  by  filtration  and  the  fil¬ 
trate  is  diluted  with  300  ml.  of  water.  The  diluted  filtrate 
is  cooled  and  a  gum  precipitates.  The  guni  is  separated, 
dissolved  in  ethyl  acetate  and  the  solution  is  treated  v.ith 
activated  carbon  to  remove  impurities.  The  purified  so¬ 
lution  is  evaporated  to  obtain  the  gum  as  a  residue.  The 
guni  is  triturated  with  petroleum  ether  to  solidify  it.  The 
product  thus  obtained  is  bis  (ally  1  phenyl  sulik!z)octahy- 
drodecaborane(8). 

Analysis. — Calc’d  for 

B10H,-2S(CeHs)  (CHaCH=CIIa) 

B,  25.95;  C,  51.90;  H,  6.73;  S,  15.42.  Found:  B,  25.08; 

C,  50.96,  H,  6.58,  b,  15,19. 
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Example  S-A 

A  reaction  vessel  is  chaigcd  with  5.0  g.  o£ 
Cs[Bl0II8SCH3-S(CH3)2] 

prepared  as  described  in  Fvan'.p!e  53,  and  25  ml.  of  di-  ® 
met!  y'acetamidc.  The  mixture  is  stirred  to  form  a  solu¬ 
tion  to  which  2.36  g.  of  allyl  iodide  is  added  gradually. 
The  reaction  mixture  becomes  warm  and  a  white  solid 
separates  rapidly,  the  reaction  mixture,  of  which  the 
liquid  portion  is  pale  violet  in  color,  is  poured  with  stir-  10 
ring  into  100  ml.  oi  water.  A  yellow  gum-like  precipitate 
forms  which  is  changed  to  a  solid  by  maceration  in  water. 
The  solid  is  separated  and  recrj  stallizcd  three  times  from 
hot  methanol  to  obtain  grayish  crystals  of 

B10H8[S(CH3)j1  [S(CKs)  (CHsCH=CHs>  1 

i.e.,  (limethylsulfidenethyl(allyl)sulfide  -  oclahydrodec- 
aborane(d).  The  identity  of  the  compound  is  confirmed 
by  its  infrared  absorption  spectrum. 

The  process  illustrated  in  Examples  5  and  5-A,  which 
has  not  been  discussed  earlier,  is  particularly  appropri¬ 
ate  for  the  preparation  of  compounds  of  the  invention 
in  which  Z  is  an  organic  sulfide  in  which  the  sulfur  is 
bonded  to  one  or  two  olcfinically  unsaturated  groups,  i.e., 
a  sulfide  of  the  formula  SR2,  where  at  least  one  of  the  25 
R  groups  is  an  olcfinically  unsaiurated  hydrocarbon. 
The  process  employs  as  one  reactant  an  a  Hylic  halide, 
i.e.,  a  compound  which  contains  the  structure 

I  I  *>/\ 

JIC=C— ClIiX  oU 

where  X  is  chlorine,  bromine  or  iodine  and  the  free  val¬ 
ences  on  the  doubly  bonded  carbons  are  satisfied  by  hy¬ 
drogen,  alkyl,  c.-cloalkyl  or  aryl  groups,  anti,  as  a  sec¬ 
ond  reactant,  a  B;o  compound  which  bears  one  or  two  ?)~ 
— SR  groups  cn  the  boron  cage  and  is  represented  by 
one  of  the  following  formulas: 
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KCl  flow.  The  product  B!CHs  ?.S(CH3)(CHjC1)  is  iso¬ 
lated  by  methods  described  previously. 

Example  ? 

A  solution  consisting  of  29.8  g.  of  4-cblorothioanisole 
and  100  ml.  of  glacial  acetic  acid  is  cooled  in  ice  water 
and  22.6  g.  of  30%  hydrogen  peroxide  is  added  dropwise 
and  with  stirring.  The  temperature  of  the  solution  is  kept 
below  20°  C  during  the  operation.  Alter  addition  of 
peroxide  is  completed,  the  solution  is  allowed  to  warm  to 
atmospheric  temperature  (about  25"  C.)  and  15.4  g.  of 
i.NH.)2BI0H10us  added  with  stirring.  Gaseous  hydrogen 
chloride  is  bubbled  through  the  mixture  for  1  hour  and 
the  temperature  is  kept  at  60°  C.  cr  below  during  the  exo¬ 
thermic  phase  of  the  reaction.  A  gum  separates  from  the 
mixture  in  the  process  ar.d  it  is  recovered  by  decantation. 
The  gum  is  stirred  with  water  to  remove  NH.C1,  after 
which  it  is  crystallized  from  an  aqueous  solution  of  1,2-di- 
mcthoxycthnnc.  The  product  is  di(p-(methylmercapto)- 
chlorobcnzcnc  joctnhydrodecaborar.el 8 ).  The  identity  of 
the  compound  is  confirmed  by  its  infrared  absorption 
spectrum  and  by  elemental  analysis. 

A nalysis. — Calc’d  for  B„Hj<CHsSC«'H4C1)»:  C,  38.8; 
H.  5.08;  B.  25.0;  S,  14.6;  d.  16.4.  Found:  C,  38.98;  H, 
5.43;  B,  26.2.2;  S,  14.69;  C!,  17.06. 

Example  8 

A  small  quantity  of  t C H-, ) 4N B u HsSCH,  •  S t C H3 1 2,  ob¬ 
tained  as  described  in  Example  52,  Part  A.  is  dissolved  in 
dimethylformamide.  Methylene  iodide  (CH2T2)  is  added 
slowly  to  the  solution  vi:h  stirring  until  precipitation  of 
tetramethylamrnoniiun  iodide  is  complete.  The  solid  is 
separated  by  filtration  and  the  filtrate  is  diluted  with  water. 
A  gummy  solid  precipitates  which  is  separated  and  crys¬ 
tallized  from  water.  There  is  obtained 

B,oII3-S(CH3)2-S(CH3)(CHsI) 


M.[Bi0Ha_ytSa)^D,  or  M(B,aH,SR-SR3)b', 

where  M  is  a  cation  (preferably  ammonium  or  alkali 
inctnl),  R  is  an  organic  radical  cs  defined  previously  and 
is  preferably  a  hydrocarbon  group  up  to  12  carbons  which 
is  free  of  acetylenic  unsaturation,  y  is  1  or  2,  a  and  b  are 
positive  whole  numbers  of  1-3,  inclusive,  whose  values 
are  determined  by  the  valence  of  M  and  satisfy  the  equa¬ 
tion:  2h=aX  valence  of  M,  and  b'  is  the  valence  of  M  and 
has  a  value  of  at  least  1. 

The  following  examples  illustrate  products  which  can  be 
obtained  by  the  process  of  Examples  5  and  5-A,  and  the 
reactants  which  are  employed: 

NaB!0H3-S(C4H3) (CHj— CK=CH2)  from 
NaBu,HsSC«Hs  and  CH2=CH— CH21; 
Bl0H8-2S(CH3)(CH,CH=CH2)  from 
Cs23icHc(SlH3)j  and  CI12— -Chi — CH-Br; 
LiB,„H!l-S(C3H,)lCH2C(CH3)=CH-]  from 
Li2B,oH9SC3H,  and  CH^=C(CH3)-CH-C1; 
BluHa-S(C2H5)(rH2CH=CH2)-S(CsH5)2  from 
KBi0H3SC:H5-ri(C9H5)3  and  CH8=CH— CHaCI; 
B10Hs-2S(CI-!jC61I3)(CH2C(CH3)— GH2)  from 
Cs2BkH3(SCII3C6H5)2  and  CH.."=C(CH3) — CH2Br; 
ar.d 

NH,,Bl0H8-S(C6H]-)(CH3 — CH=CH — CH3)  from 
(NU«)2Bj0H#SCeH,3  and  CH3CH=CH— CHjl 

Example  6 

The  sulfoxide  of  chloromethyl  methyl  sulfide  is  pre¬ 
pared  in  situ  by  oxidation  of  19.2  g.  (0.20  mole)  of  chloro- 
melhyl  methyl  sulfide  dissolved  in  40  ml.  of  acetic  acid  by 
the  dropwise  addition  of  22.3  g.  (0.20  mole)  of  30%  hy¬ 
drogen  peroxide.  Temperature,  is  maintained  at  10-15°  C. 
during  the  addition.  The  solution  is  allowed  to 
warm  to  room  temperature  and  15.4  g.  (0.10  mole) 
of  (NH4)2B10Hio  is  added.  Hydrogen  chloride  gas  is 
bubbled  through  the  mixture  until  evolution  of  heat  is  no 


a  pale  pink  solid  which  melts  at  103-104°  C. 

Analysis. — B  (calcd),  23.2;  B  (found),  20.!. 

Example  9 

The  sulfoxide  of  /3,i'-thiodipropionitrile  is  prepared  in 
situ  by  oxidation  of  28.0  g.  (0.20  mole)  of  p.£’-lhiodi- 
propionitrile  dissolved  in  40  ml.  of  acetic  acid  by  the  drop- 
45  wise  addition  of  22.3  g.  (u.20  mole)  of  30%  hydrogen 
peroxide.  The  temperature  is  maintained  at  10-15’  C. 
during  the  addition.  The  solution  is  allowed  to  warm 
to  room  temperature  and  15.4  g.  (0.10  mole)  of 
(NH-)2BioHl3  is  added.  Hydrogen  chloride  gas  is 

60  bubbled  through  the  mixture  until  evolution  of  heat  is  no 
longer  observed.  About  1  hour  is  required  at  a  moderate 
HC1  fiovv.  The  product  Blc.H8-2S(CH;CH;CN)2  is  iso¬ 
lated  by  methods  described  previously. 

Example  10 

DO 

A  reaction  vessel  is  charged  with  11.0  g.  of 
CHjCHjSCH;,CH2OII  and  about  40  ml.  of.  glacial  acetic 
acid.  The  mixture  is  stirred  to  form  a  solution  and  it  is 
cooled  in  an  ice  bath.  Now  11.8  3.  of  30%  hydrogen 
C0  peroxide  is  added  dropwise  to  th;  solution  with  stirring, 
maintaining  the  temperature  below  20’  C.  during 
the  operation.  Stirring  is  continued  and  8.0  g.  of 
(NM<)jB1,Hi0  is  added  to  the  mixture  to  form  a  sus¬ 
pension.  Hydrogen  chloride  gas  is  now  bubbled  through 
f,5  the  mixiurc  for  1  hour  and  the  temperature  is  main¬ 
tained  at  about  60°  C.  during  the  initial  exothermic  phase 
of  the  reaction.  The  mixture  is  filtered  to  remove  NH,C1 
and  the  filtrate  is  poured  into  200  mL  of  a.  mixture  of 
ice  and  water.  A  tar  precipitates  from  which  the  water 
70  is  removed  by  decantation.  The  tar  is  dissolved  in  CHCj 
and  the  solution  is  washed  with  dilute  aqueous  K:C03 
solution  and  distilled  water,  respectively.  The  solution  :s 
dried  over  calcium  chloride  and  filtered.  The  filtrate  J 
kept  under  reduced  pressure  to  remove  the  chloroform. 


longer  observed.  About  i  hour  is  required  at  a  moderate  75  An  oily  icsidue  remains  which  is  a  compound  of  the  for- 
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muia  B|CH;rC;HISCHnCHi0C(O)CH3l2.  The  identity 
of  the  product  is  confirmed  by  its  infrared  absoiption 
spectrum. 

Example  11 

A  ler.tiifcn  mixture  is  prepared  eo:.r.feting  of 
(NH1)2B;;H;3  and  C:H:S(0)CH;CHOHCH2CH  (in  1:2 
molar  ralioj  dissolved  in  glacial  acetic  acid.  Hydrogen 
chloride  cis  is  passed  into  the  mixture  ana  the  reaction 
is  conducted  as  described  in  previous  examples.  The 
product  which  is  isolated  is 

B,oH3-2[CjH5SCHjCH(0,CCHj)CH5(02CCH3)) 

Aitalvsfc. — Calc'd  for  above  compound:  C.  33.8;  H,  7.2; 
B,  19.4;  S,  11.5.  Found:  C,  34.1;  H,  b.07;  B,  25.43;  S, 
13.50. 

The  infrired  spectrum  of  the  compound  shows  absorp¬ 
tion  at  the  following  wavelengths  (expressed  as  cm.-1): 
4.0,  5.8,  8-1,  8.7,  nnd  9.6. 

Exc  tuple  12 

The  sulfoxide  of  2,2’-thiodisthanol  is  prepared  in  situ 
by  oxidat'en  oi  24.4  g.  (0.20  mole)  of  2,2'-thiodie:hanol 
dissolved  in  40  ml.  of  acetic  r.cid  by  the  drop’, vise  addition 
of  22.3  g.  (.0.20  mole)  of  3093  hydrogen  peroxide.  The 
temperature  is  maintained  at  10-15*  C.  during  the  addi¬ 
tion.  The  volution  is  allowed  to  warm  to  room  tempera¬ 
ture  and  15.-1  g.  (0.10  ino’e)  of  (NKi):3tt,H;o  is  added. 
Hyrirogt-n  chloride  gas  is  bubbled  through  the  mixture 
until  evolution  of  heat  is  no  longer  observed.  About  1 
hour  is  required  at  a  moderate  I-iCl  flow.  The  product 
which  is  isolated  is  BicH3,21>[CHjCHa0C(0)CH3]a. 

Example  1 3 

The  product  obtained  in  Example  10,  i.e., 

B:;Hs[C:H5SCHiCIl10C(0)CH3]j 

is  dissolved  in  ethanol.  The  solution  is  heated  to  boiiing 
and  gastou.;  hydro -,en  chloride  is  passed  into  the  solution 
for  1  minute.  Passage  of  gas  is  stopped  and  the  solution 
is  warmed  at  steam  bu!h  temperature  until  the  ethanol  is 
evaporated.  A  heavy  oil  remains  which  is 

B;oH3(C2H5SCH2CIIsOH), 

The  identity  c  f  the  compound  is  confirmed  by  its  infrared 
absorption  spectrum  and  by  elemented  analysis. 

Analysis. — Calc’d  for  BioH3tC4HicC>S)j:  C,  29.07;  H. 
8.40;  B‘,  29.95.  Found:  C,  29.3;  H,  8.55;  13,  32.9. 

Example  14 

Hydrogen  chloride  gas  is  bubbled  for  1  minute  into  a 
solution  cf  18.0  g.  (0.05  mcle)  of 

BI&Hs-2S[CH2CH20C(O)CH3]il 

obtained  in  Example  12,  in  40  ml.  of  ethanol.  The 
ethane!  i-  evaporated  from  the  solution  by  warming  on  a 
steam  tc:h-  The  product,  Bi0Ha-2S!.CH=CrI2OH)2,  re¬ 
mains  si  -•  residue. 

Example  15 

A  reaction  vessel  is  charged  with  a  solution  consist¬ 
ing  of  .''9.7  g.  cf  KOH  and  200  ml.  of  methanol.  To 
th  s  solution  57.1  g.  of  thioglycerol 

(CHjOKCHOHCH2SH) 

is  added  dropwise  with  stirring  at  prevailing  atmospheric 
temperature.  The  temperature  rises  somewhat  in  inis 
step  but,  in  this  instance,  ti  e  rise  is  net  enough  to  re¬ 
quire  cooling.  Ethyl  bromide  (57.1  g.j  is  now  added 
dropwise  with  stirring  and  the  temperature  is  maintained 
at  20-;  .*  C.  by  means  of  an  ice  bath.  The  solution 
is  stirred  for  2  hours  after  addition  of  the  bromide  is 
completed.  It  is  then  filtered  to  separate  KBr.  The  fil¬ 
trate  is  strongly  basic  and  solid  carbon  dioxide  is  added 
to  hIm*  *'e  bailriiy  Tf  luUtfloo  fa  'o  }■' ri¬ 

valling  atmospheric  temperature  and  a  white  gelatinous 
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solid  precipitates.  The  solid  is  separated  by  filtration, 
the  filtrate  is  distilled  to  remove  methanol  and  the  liquid 
residue  is  again  filtered  to  remove  a  solid  which  is  pres¬ 
ent.  The  clear  liquid  which  remains  is 

5  K  IXTl.Cl  1J3HCH  SCiHj 

and  it  is  u^d  in  the  next  step  in  the  process. 

To  a  solution  of  14.2  g  of  HOCH2CHOHCH2SC2H5 
in  acetic  acid,  corded  in  ice,  11.3  g.  of  30%  H2Oa  is 
added  dropwise  with  stirring.  The  reaction  is  highly 
exothermic  and  cooling  is  required.  When  this  step  is 
completed,  S.O-g.  of  (NH4)2BU)H]o  is  added  to  the  solu¬ 
tion  and  gaseous  hydrogen  chloride  is  bubbled  through 
the  mixture  for  !  hour.  The  reaction  mixture  is  filtered 
15  to  remove  NH4C1  and  the  filtrate  is  poured  into  400 
nil.  of  ?.  mixture  of  ice  and  water.  An  oil  forms  which 
is  separated  by  decantation  and  allowed  to  dry  in  the 
air.  It  is  washed  with  hot  ethyl  acetate  and  macerated 
with  ethyl  ether.  The  oil  slowly  solidifies  to  a  yellow 
20  powder.  Tee  powder  is  washed  with  petroleum  eiher 
and  dried  in  air  to  yield  a  compound  of  the  formula 

0  9 

E-tiiiCiTi.sc  u,c  nr  o  <!!  c.tio  cn*o  tcaji 
25  The  identity  of  the  compound  is  cor.irn.ed  by  its  infra¬ 
red  absoiption  spectrum  and  by  clcment.il  analysis. 

Analyst'. — Calc'd  for  the  abuve  comp.und:  H,  8.25; 

B,  27.8.  Found:  H,  8.07;  B.  25.43. 

Example.  16 
30 

A  solution  is  prepared  consisting  of  15.4  g.  of  ethyl- 
mercaploacetic  r.cid  and  40  ml.  of  glacial  acetic  acid. 
The  solution  is  cooled  to  0-5”  C.  and  11.8  g.  of  30% 
hydrogen  peroxide  is  added  dropwise  with  stirring.  The 
35  temperature  of  the  solution  is  maintained  at  about  5”  C. 
during  this  operation.  Eight  grams  of  (NH4)jBioHio 
is  new  added  to  the  solution  and  gaseous  I-ICl  is  bub¬ 
bled  through  the  mixture  for  1  hour.  The  reaction  is 
exothermic  and  the  temperature  of  the  mixture  is  not 
in  permitted  to  rise  above  60°  C.  during  the  exothermic 
phase.  The  mixture  is  filtered  to  remove  NH4C1  and 
the  filtrate  is  warmed  under  reduced  pressure  to  remove 
the  acetic  acid.  A  yellow  oil  remains  which  is 

BlcH,(CH3CHaSCKaCOOH)i 

45  The  oil  is  dissolved  in  water  and  an  aqueous  solution  of 
lead  acetate  is  added  dropwise  until  precipitation  of  the 
lead  salt  is  complete.  The  solid  is  separated  and  dried 
to  yield  the  lead  salt  as  a  light  yellow  product.  The 
identity  of  the  compound  is  confirmed  by  its  infrared 
5°  absorption  spectrum  and  by  elemental  analysis. 

Analysis. — Cak'd  for 

B.CH3[  (CH3CH2SCK2C02)aPb), 

C,  17.1;  H,  3.91;  3,  19.3;  Pb,  36.8;  S,  11.4.  Found: 
55  C,  IT 89;  H  4.17;  B,  15.01;  Pb,  38.35;  S,  10.30. 

The  free  acid  can  be  obtained  from  the  lead  salt  by 
suspending  the  salt  in  water  ar  d  passing  hydrogen  sul¬ 
fide  into  the  suspension.  Tend  sulfide  precipitates  and 
the  solution  is  filtered  to  obtain  an  aqueous  solution  of 
eo  BioH8(CiH55CH:COCH)a. 

Example  17 

A  reaction  vessel  is  charged  with  17.8  g.  of  thiodi- 
propionic  acid  (KOOCCH2CH2SCH2CH2COOH)  and 
65  100  ml.  of  glacial  acetic  acid.  The  mixture  is  cooled 
to  ice  hath  temperatures  and  11.3  g.  of  30%  hydrogen 
peroxide  is  added  dropwise  with  stirring,  keepirg  the 
temperature  of  the  mixture  below  20*  C.  during  the 
operation.  The  solid  initially  present  in  the  mixture 
70  dissolves  in  the  process.  Now  7.7  g.  of  (NH4)jB10Hi0 
is  added  to  the  mixture  and  hydrogen  chloride  gas  is 
bubbled  through  the  mixture  for  about  1  hour.  The 
reaction  is  exothermic  in  its  initial  phase  and  the  tern- 
perijure  Is  inaiutaine  J  it  fl-V  C  if  b.lnv  its  water 
75  cooling.  The  mixture  is  filtered  to  remove  NH*C1  and 
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the  fiiirr.ie  is  pourc  I  into  2h0  nil.  of  water.  A  solution 
uf  lead  .ii.rt.ite  is  add:  J  to  ti.c  filtrate  ar.i  a  white  solid 
precipitates.  I  ito  'olid  is  wpanied,  washed  with  water, 
ethyl  ether  and  pctrr.leiim  ether.  The  washed  solid  is 
boded  in  200  nil.  ot  vaicr  lor  a  snort  time  and  ihe 
mixture  is  fib.ered  while  still  hot.  The  solid  which  rc- 
in.iins  is  again  washed  '.sith  ethanol  and  ethyl  ether  to 
obtain  a  product  v  hie  ti  is  principally  a  lead  salt  of 
UltH,-2S(CH.CH;COOH)a 


10 


ie , 


DJIe-:Si(C!hCH;CO,),Pb] 


The  lead  salt  can  be  suspended  in  w;Un  and  hydrogen 
ojiiule  bubbled  through  the  suspension  to  precipitate  lead 
so  .k!i  and  lease  a  solution  of  the 


30 

petroleum  ether  is  added  to  the  solvent.  The  .solution  is 
cooled  a..d  altovcd  to  stand,  Fire  white  crystals  term 
which  are  removed  by  filtration  to  obtain  the  hydrochlo¬ 
ride  of  BjijHiifCHjCHjSCHsCHjNHj)*.  The  identity  of 
tl.c  -uiay.M  i..l  un.i.iiiril  h.y  its  jiiiitlted  irli.jTyt.tiri 
spectrum  and  by  elemental  analysis. 

Analysis. — Calc'd  for  B.0H8(.C2H:,SC:H4NH:jCI)2:  C, 
24.1;  H,  8.02;  B,  27.1;  N,  7.01.  Found:  C,  23.74;  H, 
8.16;  B,  24.9;  N,  7.4. 

Fxajnple  20 

A.  \  sdution  ©aratsttor.  of  13  it  g  cf  4-aminophpr’yl 
methyl' sulfide  hp-(merhylmercapto) aniline]  and  50  ml. 
of  glacial  acetic  acid  is  cooled  and  1 1.3  g.  of  30%  hydro¬ 
gen  peroxide  is  added  dropwise  with  stirring.  The  tem- 
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Ihe  m. .'lure  followed  by  evaporation  o:  the  filtrate  will 
yield  the  free  tctrabisic  acid  in  which  the  acidity  re¬ 
sides  in  the  four  carboxylic  groups. 

Example  IS 

A  solution  consisting  cf  33. S  g.  of  3-nitrophen/l  methyl 
.utfide  in  lutt  ml.  of  ghiii.il  acetic  acid  is  cooled  in  an 
ice  I’.itli  and  22.7  r.  ot  in'!,  hydrogen  peroxide  is  added 
with  ‘lining.  The  temperature  of  die  mixture  i.s  main¬ 
tained  belo.v  20*  C.  •hiring  the  operation.  Aftei  addi¬ 
tion  uf  peroxide  is  completed,  the  solution  is  aLowed 
to  warm  'o  prevailing  atmospheric  temperature  and  15.4 
l%  of  (NH|);I1|,.II|9  is  t.Jde.l  with  stirring.  Gaseous  hy¬ 
drogen  chloride  is  bubbled  through  the  reaction  mix¬ 
ture  and  rite  tei.iperature  is  maintained  at  60“  C.  dar¬ 
ing  the  exmlte.inic  pi. a  c  of  the  reaction.  After  1  hour, 
p..ss.igc  cf  hydro;  or.  chloride  is.  flopped  and  a  gum  which 
forms  in  the  mix’ure  during  the  operation  is  separated. 

The  gurr.  Is  washed  \w;h  water  and  crystallized  from  ethyl  „r 
ether-petroictun  ether  mixture  to  obtain  diftn-(melhyl-  * J 
mere;  ptoJr.iiroben/eitcJoetahydrodecaboiar.cfS)  as  white 
crystals. 

Ant/i'viit. — C  .ilc  J  for  B.oIInCCH^SCpHjNOs).,:  C, 

3  7.0;  li,  4.9;  N,  6.2.  F'und:  C,  37.1S;  H,  5.6;  N,  5.2. 

t’e  ample  19 

A  reaction  vessel  is  charged  with  a  solution  consist¬ 
ing  uf  56.0  g.  of  KCM  and  250  ml.  of  C2HsOH.  The 
vcsxl  is  coaled  and  a  solution  of  56.5  g.  of 

nSCHaClhjNHj 

in  100  nil.  of  C:H/)li  is  added  dropwise  with  stirring. 
The  reaction  is  exothermic  and  the  temperature  of  the 
mixture  is  kept  at  about  30“  C.  or  less.  After  addition 


tciJ.1  Filtration  of  15  perature  of  the  reaction  mixture  is  kept  at  less  than  20“  C. 

After  addition  of  the  peroxide  is  completed,  the  reaction 
mixture  is  allowed  to  v.arn»  to  prevailing  atmospheric 
temperature  and  7.7  g.  of  (NH4)2B-.-HI0  is  added  Hy¬ 
drogen  chloride  is  bubbled  through  the  mixture  for  1 
hour,  maintaining  the  temperature  at  60“  C.  during  the 
exothermic  phase.  After  1  hour,  the  How  of  hydrogen 
chloride  is  stopped  and  the  reaction  mixture  is  filtered. 
The  filtrate  is  diluted  with  50  ml.  cf  water  ar.d  decoloriz¬ 
ing  carbon  is  added  with  Stirling.  The  suspension  is 
filtered,  the  clear  filtrate  is  poured  into  1500  ml.  of  ice 
water  and  a  concentrated  aqueous  solution  of  100  g.  of 
sodium  acetate  is  added  with  stirring.  A  while  curd-like 
solid  precipitates  which  is  sept. rated  by  filtration  and 
washed.  The  product  i;  liK[p-t.i.'ieihylmercap'o)aiiilinc] 
ociahydrodecaborancbS;.  Its  identity  is  confirmed  by 
the  infrared  absorption  spectrum  and  by  elemental  analy- 

AnalyAs. — Calc’d  for  Ei0Hj(CH3SC8HtNH2)s:  C, 
I  ■..6;  H,  6.6;  N,  7.1.  Found:  C,  *12.36;  H,  6.79;  N,  6.93. 

B.  The  process  of  Part  A  is  repeated  employing  3- 
am  i-.op  tenyl  methyl  sulfide  in  place  of  4-aintnophenyl 
methyl  sulfide.  Quantities  cf  reactants  arc  unchanged. 
The  ared'.cr  which  is  isolated  is  bislm-(methylmcrcapto) 
ani’h  .oji.  •tahydrodecaboraiefS). 


o 


Ann'-. is. — Calc'd  for  UlcHa(CH3SC0H4NH2)2:  C, 
42.6;  F  6.6;  B,  27.4.  Found:  C,  41.09;  H,  6.62;  B,  26.56. 

The  process  of  preparing  the  sulfoxides  in  situ  is  generic 
for  obtaining  compounds  cf  the  invention  in  which  Z  is 
an  o  ganic  sulfide.  To  illustrate,  ihe  sulfoxide  of  DL- 
mclh.onine  is  prepared  in  situ  by  oxidation  of  29.8  g. 
(0.20  mole)  of  DL-methionine  dissolved  in  40  mi.  of 
acetic  acid  by  the  dropwise  addition  of  22.3  g.  (0.20  mole) 
of  30%  hydrogen  peroxide.  The  temperature  i>  main- 
mixture  is  Kept  at  about  39”  C.  or  less.  Alter  addition  tained  at  10-15“  C.  during  the  addition.  The i  solution  js 

of  the  amine  is  completed,  54,5  g.  of  C-HjBr  is  added  00  allowed  to  warm  to  room  tempetature  and  15.4  g. ,  (0.(0 
dropwNc  with  siirrine.  The  temperature  is  maintained  mole)  of  (NH4)2Bi0H;j  is  atfi.ed.  I  x  Ji  gen  cn  i 

at  about  30“  C.  The  precipitate  (KBr)  which  forms  is  15  bubbled  through  tne  mixture  un.it  evolution  of  heat  is 

separated  by  nitration  and  gaseous  KC!  is  bubbled  no  longer  observer.  Aoout  hour  is  required  at  a .mod- 

through  the  filtrate.  The  warm  solution  is  filtered  and  enite  KC1  How.  Ihe  product  .s  isolated  as  a  white  c.ys- 

thc  filtrate  is  chilled  to  precipitate  the  hydrochloiide  of  06  tiilhne,. compound  amp  >o  eric,  i.e.,  i  is  s 

CHiCH-SCH.OIjNHj  as  white  crystals.  The  com¬ 


pound  is  purified  by  crystallization  from  C2HsOH  and 
it  is  used  in  the  next  step  in  the  reaction. 

Analysis. — Calc’d  for  (C2H.SC2H«NH3)CI:  C,  34.1; 
H.  8.5.  Found:  C,  33.7;  H,  8.5. 

A  solution  of  7.3  g.  of  ( CM 3CH,SCH2CH2NH3 ) C!  in 
20  ml  of  CH/.'OOH  is  cooled  in  an  ice  bath  and  5.9  g. 
of  30%  hydrogen  peroxide  is  added  dropwise  with  stir¬ 
ring.  The  solution  is  permitted  to  warm  to  prevailing 
atmospheric  temperature  anu  4.0  g.  of  (NH.i)2Bi0H10  is 
added.  The  solution  is  stirred  and  gaseous  hydrogen 
chloride  is  bubbled  through  it  for  l  hour.  The  reaction  is 
exothermic  in  its  initial  phase  and  the  temperature  of  the 
solution  is  not  allowed  to  rise  above  60“  C.  The  solution 


GO 


(SO 


m  acidic  and  basic  solutions. 

The  compounds  obtained  in  the  preceding  examples 
which  bear  functional  substituents  can  be  employed  as 
i  itermediates  to  obtain  products  which  fall  within  the 
scope  of  the  invention,  as  illustrated  in  Examples  21-25 
which  follow. 

Example  21 

A  solution  consisting  cf  5  ml.  of  pyridine  and  1.3  g.  of 

di[3-(methyhncnv'pto)aniline]oclahyjro<lecaborar.e(8)  is 

stirred  with  2.0  ml.  of  benzoyl  chloride.  The  solution 
becomes  warm  and  it  is  allowed  to  stand  at  prevailing 
atmospheric  temperature  for  30  minutes.  It  is  then 
poured  into  25  ml.  of  water.  An  oil  prec.pitates  which  is 
separated  and  macerated  with  ethanol  until  it  solidifies. 


is  filtered  to  separate  NH4C1  and  the  filtrate  is  poured  into  70  The  solid  is  dissolved  in  tetrahydrofuran  and  the  solution 
200  nl.  of  a  mixture  composed  of  equal  volumes  of  ethyl  is  passed  through  a  column  packed  with  silica  gel.  The 

ether  and  Uhatiol.  A  yellow  oil  separates.  The  solvent  is  purified  solution  is  warmed  to  remove  tetrahydrofuran, 

separated  from  the  oil  and  100  ml.  of  ethyl  ether  is  added  leaving  di[N-(3-methylmercaptcphenyl)benzamide]oeta- 
to  the  Suivt  M.  A  *;co«d  fhwiliwr  u!  hU-U*.  UtttMr J  T  »  hjn'r  jili'Ch’  *)  as  a  white  solid.  The  identity  of  the 
solvent  is  again  separated  from  the  oil  and  50  ntl.  of  75  compound  is  confirmed  by  elemental  analysis. 
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Allah  sis. — ch-lv'd  for 

linMalCir.SCcI^NHCfOjCoH.lj 

C,  55.7;  II,  5.65;  It.  1 7.9.  Fcmid:  C,  55.3;  H,  6.14;  B,  , 
Ici.71.  5 

Ex  '.tuple  22 

A  .\«iwlu'*i  Nw,«,cl  i  >  tiitiiLcti  v»  <  11.  1.3  g.  of  lhi-13- 
(rreibylnierc.'.rtoJ.'miineH'ct.diydmd-ecnhoranefS)  and  5 
ml.  of  |>\  rid.ro.  Ilu  mixture  is  stirred  and  2  nil.  of  ,Q 
rhenylitoej;.n.:l-:  is  added.  The  solution  becomes  warm, 
and  it  i.  nilowcd  to  vtnrd  at  prevailing  temperature  for 
abniit  "0  m In  lie".  'the  solution  is  poured  into  25  ml.  cf 
w.qer  and  a  yellow  gum  p>ccipi:ales.  The  gum  is  sepa¬ 
rated  and  it  is  stttred  repeatedly  with  water  and  nnaiiy  jg 
with  ethanol  to  teinovc  impurities.  The  product  which 
remains  is  dritit  to  \i.!d  diiN-phenyl-K'-<3-methyliner- 
eapti>preii\l)::te;iioci.;'.iydioliecr.boranc(S).  The  iden¬ 
tity  of  ti  e  compound  is  cc-nlitmed  by  elemental  analysis. 

.-If  Key  vie.-  -CT.io'd  for  on 

n^.HnCII.SCa.'iNHCfOJNlICcH-Jj 

C.  53.3;  II,  5.7;  It,  17.0.  Fcimd:  C,  53.2;  If,  5.68;  B, 
15.29. 

Example  23  05 

A  leaction  'c"d  is  charged  with  2.5  a.  of  bis-(p- 
meth;,  Imei  ;;  p,i'.i:..ii,,e  tiwtahydrodeeaboranefS),  10  g.  of 
ice  and  10  ml.  of  concentrated  hydrochloric  acid.  The 
reacthm  w -cl  and  contents  are  cooled  and  a  solution 
(also  cooled)  of  1'  9  <*.  of  NttNOj  in  10  ml.  of  1I20  is  SO 
added  dtopwi-e  with  stirring.  The  reaction  mixture  be¬ 
comes  light  biown  an  1  most  of  the  solid  dissolves.  The 
miVuio  is  iM.ete.l  and  5  ml,  of  ait  aqueous  2.5  molar 
: o' ui ion  of  N,.LII;|  is  added  to  the  filtrate.  A  brown  pre- 
cip-itate  forms  which  is  separated  by  filtration.  The  solid  35 
ii  washed  with  a  small  quantity  of  water  and  dried  under 
reduced  ptcs'urc  cvv  !'•_(.),  at  atmospheric  temperature 
to  obtai-t  a  product  whose  infrared  spectrum  shows  it  to 
he  prircsp.illy  bislp  -  (metliylm-.-rcaptolphenyldiazoniun 
{etra!iuoroboi.itc)oclahydrodccaterar.e(S),  i.e.,  4(5 

n.-naaijdCcHiNsfBFOie 
Example  24 

A.  A  reaction  vessel  is  charged  with  2.0  g.  of  bisfm*  ,r 
(mcthylmere..p:oV!iridine|net.,.hydrouccabor:tne(8),  10  g.  ' '' 
of  ice  and  10  ml.  of  concentrated  hydrochloric  acid.  The 
readier.  nvMure  is  stirred  to  form  a  suspension  and  it  is 
cooled  in  an  ice  bath  A  solution  of  0.7  g.  of  NaN02 
in  10  ml.  of  water  is  added  drop'wise  to  the  suspension  50 
with  stirring.  .Substantially  all  of  the  solid  dissolver  to 
form  a  pale  yellow  solution.  Ccol  rg  of  the  solution 
is  continued  and  1.36  g.  of  (CHjj-NCsHs  is  added  drop- 
wi>o  with  stirring.  The  color  of  the  reaction  mixture 
becomes  darker.  A  solution  of  about  2.0  g.  of  sodium  r>. 
acetate  in  25  ml.  of  water  is  added  slowly  and  with  stir- 
lii-li  to  1  Ik  tniviw*  m  J  tt  Jwii  rr-l  pu'cipIuM  fnr  'ti 
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spectrum  shows  that  it  is  principally  bis(3-mclhyl-mcr- 
capto  -  4'  -  dimcthylaminoazebenzcr.cjoetahydrodccabo- 
rane(8),  i.e., 

B1;lMa  [m-CH,SC0H4— ]«J=N— CcH4-p-N(CH3 )  2]  3 

where  m  and  p  in  the  formula  represent  meta  and  para 
positions  for  the  substituents. 

t).  The  leuciion  of  Tj: !  A  above  is  repeated,  employ'- 
ing  bisfp  -  (meihylme!canto)aniline]octaiiydrjdec;:bo- 
ranc(S),  as  the  reactant  in  place  of  the  meta  compound 
used  above.  The  product  which  is  obtained  is  shown  by 
its  inf-ured  absorption  spectrum  to  be  principally  bis(4- 
methylmercapto  -  4‘  -  din’eihylaminoazcbenzenc)octiihy- 
drodecaborane(8),  i.e., 

BiaH3[p-CH2SC6H4-N=N— C6Ii4-p-N  (CH?  )2]2 

Example  25 

A  mixture  is  prepared  which  consists  of  10  g.  of  ice, 
10  ml.  of  concentrated  hydrochloric  acid  and  2.0  g.  of 
BieHa(:n-CII;SCcH.-Nlf2)2.  The  mixture,  which  is  a  sus¬ 
pension,  is  cooled  in  ice  and  to  it  a  solution  of  0.7  g. 
of  N'aNOj  in  10  ml.  of  water  is  added  drop-wise  with 
vigorous  stirring  Substantially  ail  of  the  solid  dissolves 
to  form  a  pale  yellow  solution.  This  solution  is  added 
dropwise  to  a  cold  solution  whicti  consists  of  1.47  g.  of 
re-naphihol,  40  ml.  of  water  and  0.4  g.  of  NaOH.  A 
dark  red  brown  precipitate  forms  immediately.  The  te- 
aclion  mixture  is  stirred  for  30  minutes  at  ice  bath  tem¬ 
perature  and  it  is  then  allowed  to  warm  to  prevailing  at¬ 
mospheric  temperature.  After  standing  1  hour  the  mix¬ 
ture  is  filtered  to  separate  the  solid  product.  This  product 
is  v.a-.Uied.  with  ethanol,  ether  and  petroleum  ether  and 
then  dried  in  air.  The  product  is  bis  [methyl  mercapto- 
3  -  (4'  -  hydro.',)  naphthylnzo )  benzene  ]  octahydrodecubo- 
ranc[8),  i.e.,  a  compound  of  the  following  formula 


The  identity  of  the  compound  is  confirmed  by  its  infra¬ 
red  absorption  spectrum  ar.d  by  elemental  analysis. 

Analysis. — Calc’d  for  the  above  com  round:  C,  58.2; 
H,  5.1;  N,  7.95;  B,  15.4.  Found:  C,  '54.72;  H  5.13; 
N,  6.00;  B,  15.22. 

The  processes  of  Examples  I  though  25  are  generic 
for  the  pi  ‘partition  of  compounds  of  Formula  1  and  par¬ 
ticularly  Fort  ut'u  4,  where  Z  is  an  organic  sulfide.  A 
broad  range  of  compounds  can  be  obtained  by  choice 
of  an  appropriate  sulfide  and  by  modification  of  func¬ 
tional  groups  in  the  suiftde  molecule. 

To  illustrate,  the  following  compounds  can  be  obtained 
by  employing  the  tear! in. s  shown  in  accordance  with 
the  procedures  described  in  tile  foregoing  examples.  The 
sulfide  reactants  can  be  oxidized  in  situ  to  obtain  the 
will  tiJr« 


Boron  reactant 

Sulfide  reucUuit 

Product 

NntBitUio - 

scir.ciirocujcn. . 

Bi-,iri.2Snii,rti<rir:ii,i1’'T4 

nitt-.-csciiii  ciii)i(;ili 
liislUCStCtltiih 

u,sii,.-cs(f:  !!>c  tt,c-:)(Cillj 

WtH-  "‘'(1-|I!W 

B,ilIiJS(Ci!iCilli)i 

(N!T,):Bistl!! . 

PClI:vClI:)j6lI* . 

liCJi  5l3]iiile’Il3-- - - - 

H(V’  ti;)i . . . . 

_ 1 _ 

t(Ci!i7*<N’j>l’i«!lj' . |  SlClIjCVljJj . 

The  mixture  is  a’lowcd  to  stand  for  30  minutes  at  ice 
temperature  and  it  is  then  warmed  tc  atmospheric  tem¬ 
perature.  After  standing  1  hour  at  this  temperature, 
the  mixture  is  filtered  and  the  deep  red  solid  imperial  is 
dried  to  obtain  a  product  whose  inf  ared  absorption 


Example  26 

A  glass  vessel  equipped  with  a  refiux  condenser  and 
stirrer  is  charged  with  5.0  g.  of  dlammoniuni  decahydro- 
dernborate  and  20  ml.  of  tri-n-butviphospliine.  The  mix- 
75  ture  is  heated  to  refluxing  temperature  for  ‘'-5  Minutes 
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3,290,260 


10 


and'it  is  noted  that  gas  is  evolved  daring  this  period.  The 
excess  tri-n-butylphosphine  is  removed  by  healing  the  re¬ 
action  rui.<l ure  ttTrcfi.r  .cducci  pressnre  tJL«,  .ban  *  u  ,.i. 
of  Hi,).  The  solid  which  remains  is  crystallized  from 
n-pentane  to  give  needle-shaped  crystals  of  bis(tri-n-butyl- 
phosphine)dccaborane(S),  a  compound  of  the  formula 
BioHb‘2P(C.iHs)3.  Tiie  compound  melts  at  129-130°  C. 

Its  identity  is  confirmed  by  the  infrared  absorption  spec¬ 
trum. 

The  compound  does  not  reduce  si'ver  nitrate  in  aieo- 
l.ul  solution  and  it  slious  no  ubsoipliuit  in  the  uUra violet 
region  of  the  spectrum. 

The  process  of  Example  26  is  generic  for  the  prepara¬ 
tion  of  compounds  of  Formula  1,  and  particularly  for 
compounds  of  Formula  4,  in  which  Z  is  phosphine  of  15 
the  formula  U3P,  as  defined  earlier.  To  illustrate,  ? 
dccahydrodecaborate  salt  can  be  reacted  with  cthyldi- 
ptopylphosphine  to  obtain  B;c,ITa-2P(C;H5) (C3H7)2,  with 
ethyldipbcnylphosphinc  to  obtain 

BI0H3'2?(C:H5HC0H5)2 
with  cyelohcxyldielhylphosphine  to  obtain 
B10H8-2P(C0Hu)(C2H5)j 

and  the  like. 

An  optional  generic  method  of  preparing  compounds 
of  the  invention  in  which  Z  is  a  phosphine  consists  in 
reacting  K!0fV-N2  with  a  phosphine  in  the  manner  de¬ 
scribed  in  Examples  27  and  2S  for  tertiary  amines. 

The  following  examples  illustrate  reaclanls  which  can 
be  employed  in  the  above  processer,  and  compounds  which 
ean  be  obtained  therefrom: 


JO 
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tertiary  amine.  Any  tertiary  amine  can  be  employed  as  a 
reactant  with  B10H8-2N2.  Amines  in  which  the  sub. 
jlitbcul*  t.  _  Ti>Jiui..ubot  am  pitteii  a,  particularly  hy¬ 
drocarbon  of  lip  to  18  carbons  which  is  free  of  acetylenic 
unsaturation.  To  illustrate,  B)0Hb-2N2  can  be  reacted 
with  (C8Hi7)3N  10  give  BlcH#-2N(C3HI7)3,  with 

(CH3)2NC6Hj 

to  give  BiDHa-2N(CH2)2Ccn5,  with  ethyl  N.N-dimethyl- 
glycinate  to  give  B1UH4-2N(CH3)2CHSC(0)0C2H5,  with 
(QKuJsN  to  give  B10H4-2N(C«Hn)j,  with 

(C6H5CH2)SN 

lo  give  B,,H3-2N(CH:CeHs)3,  with  (C3H7)3N  to  give 
Bi0Kg-2N(C:H7)j,  and  the  like. 

Further  Illustrations  of  compounds  which  can  be  ob¬ 
tained  by  .tie  process  of  Examples  27  and  28,  employing 
B,0H.-2Ns  as  the  boron-containing  reaciant  are  as  fol¬ 
lows:  from  (IiOCH3CH2)3N,  B10H8-2N(CH;..CH2OH)3: 
from  NLCH-C  (O)  OH]3,  B10HS-2N[CH2C  (O)  OH]3; 
from 


25 


30 


r ll,dc!  i| i, 
Unitj-SN  CIii)ClIj(C'!tOiCai 


CfTi— NCIIj(CHj)iCUj 
DicHc3.\(C1I:)CH:(CU:)!C  II, 


Doron  reactant 


Na.ll,tn,s . 1 

(NliOjlhoilij.... . 

CsjUifiltm . 

I.t:UiolIi9. . 


((CUOiNhBitHio. 

KiBictiio . . 


BijTrs.2N, . 

Hicli'/.'Nl. . 

lli.Hfi.Vl . 

ItuTh'j.V, . 

/J.'lIf'iN, . 

BiclIriNi . 


Phosphine  reactant 


Product 


PtCtfih . 

P(C:lU)i . 

PtCldlnh . 

P(C,n,),C’iUi), . . 

P(cai..)(c:iroi . . 

ptcaisKciiii, . 

rtcait.xcar,), . 

I'tCMijlstClliCtCHOil 

PtCat,:)! . . 

rtcaihi . . 

r(cat.cui)i . 


n»ircSPtr!h)iN'an  sTi  Ptciiii 
Hiai,-2P(r.:ll,l:VIl,Rl  Us  l’tOsHi). 
:)i.IIi2I,tCVilii))CsK..I.»P(C(II„)i 
II , ,  1 1 n-2  P  ( Cl  HU  (dll  ■)  1  ■.  .IBicUcP 
tCilliXCillr). 

13i.l!i-?P(Cati.HCi!.i),(CHi),NBi, 

JltPiCaiiiHCstlii 

Uiafc2P!Cai(KCHi)iKB:.T(|l* 

(CiX1?)(C1I:)i 

BifH|2PiCsHii)(C'in,', 

B,ai-  zPtciiiHCsiiaiCinii) 

itioirr-’PtciiihicuiCiCHi)!) 

llict!s,JPlC(IIi:)i 

iiiaii-2P(caij)i 

u,ui.-ji\c,u.ch,1i 


Example  27 

A  mixture  of  2.0  g.  of  BiqH8'2N2  and  5  ml.  of  pyridine 
is  refluxed  for  20  hours.  Solid  material  which  forms  is 
separated  by  filtration  and  it  is  purified  by  crystallization 
from  dimethyl  sulfoxide.  The  product  is  bis(pyridine)- 
octahydrodecaborane  (3),  i.e.,  BjoHa-2C5H5N.  The  kten- 
tity  01  the  compound  is  confirmed  by  its  infrared  absorp¬ 
tion  spectrum  and  by  elemental  analysis. 

Analysis. — Cale’d  for  B10H3-2C5H5N:  B,  39.4;  C,  -13,8; 
H.  6.6;  N,  10.2,  Found:  B,  39.4;  C,  43.7;  H,  6.5;  N, 
10.2,  9.9. 

Example  28 


60 
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60 


A  mixture  of  2.1  g.  of  BioH3-2N2  ar.d  30  ml.  of  quino¬ 
line,  is  heated  at  180°  C.  until  630  ml.  of  gas  is  evolved. 
The  dark  red  mixture  which  remains  is  poured  with  stirring  05 
into  400  nil.  of  methanol  and  an  orange-red  solid  pre- 
ci|  dates.  The  solid  is  separated  by  filtration,  placed  in 
a  Scxhlct  extractor  and  extracted  with  acetonitrile  for 
19  hours.  The  product  which  remains  in  the  Humble, 
i.e.,  the  material  not  removed  by  acetonitrile,  is  bisfquino- 
line)octahydrodec?boranef8). 

Analysis. — Calc'd  for  Bi0Ha-2C0H7N:  B,  28.8;  H,  5.S; 

N,  7.5.  Found:  B,  28.2;  H,  6.0;  N,  7.4. 

IT  a  pr  xcrsv  af  Finripie*  ?  J  mkl »  is  gs-atfe  tor  h* 
preparation  of  compounds  of  Formula  3  where  Z  is  a  ?5 


from 


from 


C  n»N  C  R=C  II-C  U=C  H 


DuHi-2V(Cnj)ClI=CIl-CU=CH 
from  (CNCK2CH2)3N,  Bi0H3-2N(CH,CH2CN)3;  aid 
from  (Cn;.OCH2CH2)3N  a,0H.a-2N(Cnr-CH3OCH:  Ij. 

Non-ionic  compounds  Of  Formula  3  in  which  Z  is  a 
tertiary  amine  arc  also  obtained  by  employing  v.  tertiary 
amine  o.xu.e  in  place  of  tne  dtalkyi  sulfoxide  in  the  proc¬ 
esses  described  in  Examples  I,  2,  3  and  4.  To  illustrate, 
diaminonium  decahydrodecaboiate  reacts  with  trime'.hyl- 
amine  oxide  to  yield  B:,,HS-2N(C  H3)3l  with  triethylamine 
oxide  to  \icld  'lKHe-2N(C;H5)3,  with  phcnyldirncthyl- 
amitie  oxide  to  yield  B!CH8-2N(CH3)2C6H5,  and  with  di- 
Diethyldodecylanine  oxide  to  yield 

B10HJ'2N(CH!)2C,1I-r2S 

Examples  of  other  amine  oxides  which  can  be  reacted 
with  (NH.()2B,oH[o  are  octyldiinethylarninc  oxicb,  di» 
octadccyhr.ethyi amine  oxide,  di-n-butyl-2(hydroxyethyl)- 
aniine  oxide,  inethyipiperidine  oxide,  dccyldimethylamine 
oxide,  6-(cydohcxyl)hexy!diethylamine  oxide,  N-mithyl- 
ffl  artie,  fetus  K  dedesyfyiipcfidiut  oxtdetoyimd, 

respectively:  B10H8-2NlCH3)2C8H:T, 


- - -  r 


I 
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B,oira-2N(C1BH„)2CH3 
BioIIf.  ■2N(C1Hc)  2CH2CH2OH 

HioU|2Cn)NCll;(CHi)»CIii 

BioM8'2N(CH2)iCioH2i 

BiaHj  •  2N  (CaH5)s(C,H,a — C8Hu ) 

and 

ISwIIraCBUoN  C  U.(CI1.)>CII, 

Non-ionic  compounds  of  Formula  3  in  which  the  two 
Z  groups  are  amides  can  be  obtained  by  reacting  (1) 
an  ionic  compound  of  Formula  4  in  which  Z  is  an  amide, 
and  (2)  n  further  quantity  of  (he  same  amide  represented 
by  Z  or  with  a  different  amide  to  provide  a  product 

B10HS-2Z 

in  which  the  Z  groups  are  amides  and  are  alike  or  dif¬ 
ferent.  The  ionic  compound  of  Formula  4  is  prepared  as 
illustrated  for  typical  salts  in  Example  45  below.  The 
simplest  mode  of  operation  is  to  prepare  the  ionic  com¬ 
pound  in  situ  as  described  in  Hxamplc  45  and  <o  continue 
the  reaction  by  keeping  the  temperature  of  the  reaction 
mixture  at  125°  C.  or  higher  for  about  2  hours  or  more 
with  continued  passage  of  ar.hydious  hydrogen  chloride. 
To  obtain  the  neutral  species,  the  mole  ratio  of  amide  to 
decahyciiodecaborate  (2-)  salt  is  preferably  at  least  2:1. 
When  the  amide  serves  also  as  a  solvent  the  above  mole 
■ratio  is,  of  course,  much  higher.  Application  of  the  above- 
described  process  to  the  product  of  Example  42  provides 
the  compound  B;oH8-2HC(0)N(CH3):>. 

The  preparation  of  non  ionic  compounds  of  the  inven¬ 
tion  in  which  one  or  both  of  the  Z  groups  aie  amides  is 
illustrated  in  Examples  29  through  32. 

Example  29 

Cesium  dinielhylforninmide  -  nouahydrodecaborate- 
(1~),  prepared  as  described  in  Example  45,  Part  A, 
is  dissolved  in  dimethyl  sulfoxide  and  concentrated 
hydrochloric  acid  is  added  to  the  solution  with  stirring. 
The  mixture  is  heated  o:i  a  steam  bath  for  5  minutes  and 
it  is  then  diluted  with  water.  The  precipitate  which 
forms  is  separated  by  filtration,  washed  and  dried  jc  ob¬ 
tain  (dimethylsuifide  -  dimctliylfonnamidcjoclahvdro- 
dccarborane(S),  a  compound  of  the  formula 

BI0H8-S(CH3)a-HC(O)N(CH3)2 
i  he  identity  ot  tnc  compound1,  in  which  die  Z  giutips 
are  dissimilar,  is  confirmed  by  its  infrared  absorption 
spectrum. 

.  Example  30 


obtained  in  a  Nujol  mull,  is  as  follows  (values  expressed 
as  microns  and  bands  due  to  C-ll  bonds  and  alkyl  groups 
in  the  14.2-3.5  micron  and  f.5-7.6  micron  regions  are 
omitted):  4.0  (strong),  6.05  (strong),  8.0  (medium), 

6  9.15  (medium).  9.6  (medium),  10.0  (weak),  10.4 
(weak),  10.5  (medium),  11.0  (medium),  and  11.7 
(weak). 

The  filtrate  obiained  in  the  process  of  Example  30 
above  is  set  aside  for  use  in  preparing  an  ionic  species 
10  of  Formula  2  as  described  in  Example  46. 

Example  31 

A  mixture  consisting  of  l.S  g.  of  B!oii8-2N2  and  6  ml. 
of  N-methyl-2-pyrroIidone  is  heated  to  refluxing  for  2 
15  hours.  The  solution  is  cooled  to  atmospheric  tempera¬ 
ture  and  poured  into  ' excess  water.  The  precipitate 
which  forms  is  coagulated  by  adding  ammonium  chloride 
and  stirring.  The  precipitate  is  removed  by  filtration. 
Acetone  is  then  added  in  sufficient  quantity  to  dissolve 
20  the  precipitate,  the  mixture  is  filtered  and  the  filtrate  is 
poured  into  ethanol  with  stirring.  The  precipitate  which 
forms  is  separated  by  filtration  and  dried  to  yield  0.5  g.  of 

D,cii..cruixc<0)c,!t,cini 

26  (beta  form).  The  identity  of  the  product  is  confirmed 
by  its  infraicd  absorption  spectrum  and  by  elemental 
analysis. 

Analvxix. — Calc’d  for  the  above  compound:  B,  34.4;  C, 
3S.2;  H,  8.3;  N,  8.9.  Found:  B,  32  5;  C,  39.7;  II,  8.5; 
30  N,  8.5. 

The  infrared  absorption  spectrum,  obtained  in  a  Nujol 
mull,  is  as  follows  (expressed  as  microns  and  omitting 
bands  due  to  C-H  bonds  and  alkyl  groups):  4.0  (strong), 
6.05  (strong),  S.O  (medium),  8.5  (medium),  8.9  (me- 
3j.  diuni),  9.1-9. 3  (medium),  9.6  (weak).  10.0  (medium), 
10.3  (medium),  10.6  (medium),  11.0  (medium),  and 
11.7-12.1  (weak). 

Reference  is  made  in  Examples  30  anti  31  to  the  alpha 
and  beta  forms  of  compounds.  These  forms  are  simply 
stereoisomers  of  the  same  compound  which  diifer  in  the 
spatial  arrangement  of  the  Z  groups  around  the  boron 
cage.  In  the  particular  examples  cf  reference,  the  Z 
groups  ate  N-methyl-2-pyrrciidonc  but  differences  in 
spatial  arrangements  can  occur  with  any  Z  groups.  The 
45  assignment  of  alpha  aal  beta  to  the  forms  is  solely  for 
convenience  in  discussing  the  compounds.  Except  for 
the  differences  in  infrared  spectra,  the  two  forms  have 
sticsianiiaTiy  the  same  physical  i  top-,  dies. 

50  Example  32 

A.  A  small  portion  of 


A  reaction  vessel,  equipped  tv  ill  i  a  stiiief  and  a  con¬ 
denser,  is  charged  with  20  g.  of  (NH.  )2B)0Hi0,  22  ml. 
of  concentrated  hydrochloric  acid  and  150  ml.  of  N- 
mcf'yW-nyrrolidone.  The  mixture  is  stirred  and  it  is 
heated  until  20  nl.  of  water  is  removed  by  distillation. 
The  final  pot  temperature  is  170°  C.  The  reaction  mix¬ 
ture  is  coded  to  about  25°  C.  and  it  is  filtered  to  remove 
any  solid  material  which  may  be  present.  The  filtrate 
is  poured  with  stirring  into  800  ml.  of  water.  A  solid 
foim  which  is  separated  by  filtration  to  yield  3.0  g.  of 
the  alpha  iorm  of  bis(N-mc;hyl-2-pyriolidone)decn- 
borane(8),  a  compound  which  has  the  following  struc¬ 
ture: 

/■  o 


BijHi  Si 


h 


CIBN 


\ 


CUi 


CUr-CHj 


,55  prepared  as  described  in  Example  46,  is  mixed  with  suffi¬ 
cient  dimethyl  sulfoxide  to  form  a  solution.  A  small 
quantity  of  aqueous  hydrochloric  acid  is  added  to  the  so¬ 
lution  and  the  mixture  is  he  tied  rapidly  to  boiling  for  a 
short  time  (about  20  seconds).  The  solution  is  cooled 
c0  and  poured  into  water.’  The  precipitate  winch  forms  is 
separated  by  filtration  and  dried  to  obtain  the  alpha  form 
of  (dimethyl  -  sulfidc)(N  -  meffiyl-2-pyrrolidone)octa- 
hydrodecaborane(8),  i.e. 


Analysis.— Calc’d  for  B10H,-2N(CH3)(CH2)jCO:  C, 
38.7;  H,  8.3;  N-  8.9.  Found:  C,  38.8;  H,  8.6;  N.  8.8.  C., 
39.0:  H,  8.;  N,  .3. 

The  tefrsr*.!  wniptlM  ipwwfet  t'x  {OMpoiln, 


Bici'iCUiNC(0)OilI.cniS(CUi)i 

TU  hiuvrftji  t  f  fbe  juoi  h  omit  u  A?  h$  Hs  it 

absorption  spectrum. 

I!.  A  solution  consisting  uf  12  g.  cf 

(c«TT]).NB.in(cuiN-c(0)c»:i^:n> 

80  nil.  of  (CH3)2SC  and  20  ml.  of  concentrated  hydro¬ 
chloric  acid  is  heated  at  steam  bath  temperature  for  20 
minutes  and  then  on  a  hot  plate  until  bubbles  are  form¬ 
ing  rapidly.  The  solution  is  cooled  and  poured  with 
IS  slirifng  U'J  ]>.v  nL  f  water.  The  pruci^iUJfl  which 
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fornrt  is  s<?p ar:ilc J  anil  id-solved  in  acetone.  The  acetone 
solution  is  tVtered  into  2*w'  ml.  of  water,  a  precipitate 
forma.  ami  saff.eicnt  N!l*Hr  is  added  t.j  (Ik  a.,uctus  fil¬ 
trate  to  conciliate  the  precipitate.  The  precipitate  is  sep¬ 
arated,  wa-dicd  cull  with  water  and  dried  to  obtain  the 
prouuct  o!  r.ii  t  A.  t  nc  K.emuy  ot  trie  compound  is  con¬ 
tinued  by  e'omental  analysis. 

Analysis. — C.dc'd  for 


33 

Example  33 


Im.Ui  CliiNC(0)(’,!I,CII>  S(CII))i 


n,  39.0;  C,  30  3;  It,  8.3;  N.  5.0;  S,  11.6.  Found:  13,  37.4; 

C,  2S.8;  It.  7.9;  N.  5.0;  S,  It. 8. 

The  infi.ocJ  absorption  spectrum  cf  the  compound 
(alpha  form)  i-.htninrd  in  a  Xujol  mult  (expressed  as  15 
microns  and  omitting  bands  dJe  to  C-H  bonds  and  alkyl 
croups  is  as  follows):  4.0  (strong),  6.05  (strong),  8.0 
(medium),  S3  (weak),  9.0  (medium),  9.3  (medium), 

9.6  (v.eak),  !0.0  (medium),  |0.1  (medium),  10.4  (me¬ 
dium),  10.9  (medium),  and  12.0  (weak).  20 

C.  A  solution  consisting  of  1  p.  of  B,0IVN2*S(CH3)2, 
prepared  as  d  tsertbed  in  IZ.xatnple  C,  Tart  B,  and  6  ml. 
of 


A  reaction  vessel  canablc  of  withstanding  pressure  Is 
charged  with  5.0  g.  of  B:tH3-2N2,  ptepared^s  described 
in  Example  C,  Part  A,  and  40  ml.  of  CH3CN.  The 
vtuel  is  edftsed  r*d  ovsenafud  at  -7c"  C.,  and  the  re¬ 
action  mixture  is  heated  at  150°  C.  for  3.5  hours  under 
autogenous  pressure.  Vs  vessel  is  cooled,  vented  to 
remove  volatile  products  and  the  vicar  leddish  solution 
which  remains  is  evaporated  under  reduced  pressure 
until  a  crystalline  solid  separates.  The  product  is  crystal¬ 
lized  from  acetonitrile  to  obtain  B..H3-2CH3CN  as  a 
white  ery-.lailinc-iompound. 

Analysis. — Calc’d  for  B10II8-2CH,CN:  B,  54.5;  C, 
24.2;  H,  7.1;  N,  14.1.  Found:  B,  54.4;  C,  22.5;  H,  7.0; 
N,  14.7. 

The  process  of  Example  33  is  genetic  for  the  prepara¬ 
tion  of  compounds  of  Foimula  1  and,  particularly  of 
Formula  4,  in  which  Z  is  a  nitrile.  To  illustrate, 
Bi0H3-2N2  can  bo  reacted  with  the  folowing  nitriles  to 
.  Wftfw  the  i  .rViiwd  Cumpounih: 


Nitrile  reactant 


Cti-NCIOJriH.CIIi 


CilTiiCN .  )ti:ITc2Ci'l:iCN 


CilriC.V . 15|jHs-2Ci2iCN 


is  toiled  for  a  si.oit  lime  (about  20  seconds)  and  cooled. 
'I  he  clear  <.  thiticn  is  diluted  with  water,  a  precipitate 
forms,  and  lithium  bromide  is  added  lo  coagulate  the 
precipitate.  The  precipitate  is  separated  and  dissolved 
in  acetone.  The  solution  is  tillered  and  the  filtrate  is 
diluted  with  water  o  precipitate  the  solid  product.  It  is 
‘ep.iratcd,  washed  and  dried  to  obtain  0.8  g.  of  the  beta 
form  of 


k,.ri=£I,I-0~c'CN>"On .  B,tiv-’c"=nn-o-c(CN)=in 

C.ti-.CN .  Jtici....2C.!£iCN 

ciij=ciicn .  t!itvrs2c;ri=circN 

„  .  {'l1I-=C(clr:)cN .  liioHi2CHr=C(Clij) CN 

SO  CsltnCX .  BiolliZtCiF-iCN 

OiCtlhUN .  RitttiCC'/.dliCN 

li0(O;  C(ClT:)iCtriCN .  BicH.2X:CHi(CLIi)iCIIiC(0) 


ffOWCtCdt.eN .  BisIIi2NCCfTT,C(0)0II 

ItOP.ty.CN . . .  UmUs-SNCCdhOH 

IIOClhCH.CN .  Bitlli-SN C C UsCUjOIt 


ii,..iri.cit1Nc(0)Ci!t.cir1.s(ciTi)i 


Analyst t. — Calc'd  for  above  compound:  B,  39.0;  C, 
30.3;  11.  8.5:  N,  5.0;  S.  11.6.  Found:  B,  38.7;  C,  30.5; 
II,  8.3;  N,  5.7;  S,  11.6. 

The  infrared  absciption  spectrum  (expressed  in  mi¬ 
crons)  for  the  compound  (beta  form),  determined  as  de¬ 
scribed  in  Tart  il,  is  a;  follows:  4.0  (strong),  6.05  (strong), 
7.9  (medium),  S.3  (weak),  S.5  (medium),  9.0  (weak), 
9.7  (weak),  iO.O  (medium),  10.2  (medium),  10.3 
(weak),  10.7  (weak),  and  11.0  (medium). 

The  processes  of  Examples  29-32  are  generic  for  the 
preparation  of  compounds  of  Formula  1,  and  particularly 
Formula  4  in  which  7.  is  an  amide. of  a  carboxylic  acid. 
Any  dccaboratc  salt  can  be  employed  as  a  reactant  in 
this  process,  c.g., -mono-,  di-,  tri-,  and  retra-substituted 
ammonium  salts,  mclal  salts,  sulfoniumand  phosphorium 
sails  an  1  mclal  amir.c  salts.  The  ammonium  salt, 
tetraalkylammonium  salts  and  the  alkali  metal  salts  are 
employed  most  frequently  for  reasons  of  availability  and 
cost  and  these  salts  form  a  preferred  group. 

Furtncr  examples  of  compounds  which  can  be  pre¬ 
parer.  and  the  reactants  employed  in  their  preparation 
are  as  follows: 


Compounds  of  the  Invention  in  which  Z  is  a  sulfone 
are  obtained  by  employing  a  sulfone  in  place  of  the 
nitrile  in  the  process  of  Example  33.  To  illustrate, 
40  ®  io Hs  •2N2  is  reacted  with  (CHAdSCb,  to  obtain 
BioHj*202S(CIIj)2,  with  (QHa)2S02  to  obtain 


BjQH3-:0:.S(C4Hs)2 


and  with  (C0H5)2SO2  to  obtain  B10H5-2O2S(C6H5)2. 

Further  illustrations  of  non-ionic  compounds  which 
can  be  obtained  and  reactants  employed  with  BltlII3-2N2 
are  as  follows: 


Sulfons  reactant 


OiSCIWCItsJsCIb . 

(C'ifn)iSO, - 

CHiSO-CIIsCII-CUi... 
65  (cicir:cui)jSOi . . 


IbcTTs-eOjSCHitCHOiCiri 

»ijII»-20j5(0«1Iii)i 

I5ioIIs-2Cii,SO!CH:CII=CII> 

Ui]Hi2C<<itCIIiCIliCl)i 


OsSCIWCHOiCHi _ 

(ciiiC(rr,),sot . 

|II0C(0)C4tt,l:S0i _ 

(cC.II.USO: . . 

(C!jC,Ui),SO. . . 


BioIIi-20.SCn!(Cir:)jClIi 

BnHi?ors;cdr,c(0)onji 

BioitiZ'Oi5(C#.UiF)t 

nnU|20^fCiir1C)j)i 


Huron  reactant 


Amide  reactant 


<Nir.),H„)l„ . . 

KCH,),N],U;|ll.|. . 

N  a,  Htil  t»*. ............. 


.  Cii,.:CCO)N(CTI1)> .  B,.iTTc2Cdr!C(0)N(CIJ)!t 

.  OlIi^CtCHBCtOJNtClWf .  Bitir,.2CHi=C(CH.)C(0)N(Cnt5, 

.  OijlluC(U)N(C,H[)i .  UiciIi'.:CitKiiC(0)N(C(H.)j 


BntIi-2Ni . I  ClfiCWOJNCn-CJIiOCEiCITi _  B!0II,SCII,C(O)NCITiCII4OCIEC!li 

Kclir,).N)iB„n,t . I  iic(0)Ncui(CTrlj^ni -  Bi»Hi2HC (0)nchi(ch,>i6tii 


cnn,*n,. .  c,iijC(0)Nciti(CHi)icni .  B.tTTt  2eiHic;o)Ncit»(  numcEi 

.  (Ct!j),NC(0)C.Hi .  BitlIg.2(CHj)iNC(0)C*ITi 

Biclli-2N, .  (CiIIiiiNCiOtCdr.i .  BioHi.2(Ciirj)»NC(0)CtHu 


B|«II|-2\| .  <irlIiiC(0)N(C»hr:i . .  B»lI,.2Ci:ll»C(0)N’(CiIIi)a 

H»:u-2.s*i - j  rtrtr.n/niN'r-jT.i, . !  w,  irj«,ri.  ""■(  flu 

Bieltr2Ni . I  JlOCHiC(0)N(CHa)i . I  Until  2HOCHiC(0)N(CI1i)i 

BidlaSN. .  C,IIiC(0)N(0i:1Iij)» .  BwH,2Cai,C(0)N(Ciinu)i 


■-  \<erCis,-JS 


zj&isyLJ'. t&mt. 
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T!  e  examples  which  f  >!'.uw  illustrate  the  preparation 
of  representative  ;,c-.v:cnic  compounds  bearing  X  sub¬ 
stituents. 

Example  34 

A.  A  glv-s  reaction  u*-rl,  cauir-icd  with  a  *l(r ret,  h 
c'i.-.r-eJ  with  -:t>  ml.  of  acetonitrile  and  4.0  g.  of  bis(di- 
:--.Nii;r.i!e)i!ee:il  otanefS).  Bud  U*2S(CH3)s,  obtained 
•  :ril'.vi  in  I'x.imrlc  1.  Chlorine  gar.  is  bubbled 
i  (he  rc.ici'oi’.  mixture  and  the  temperature  rises 
I’aw.ifc  of  chlorine  gas  is  continued  until  the 
,tiirc  of  the  reaction  mass  drops  to  prevailing  at- 
,.ric  lenxpei.iiuru  (about  25“  C.).  The  reaction 
s  is  pound  into  200  ml.  of  'voter  and  the  mixture 
is  ti  crcd.  A  atiel.y  mass  i-Mvtins  which  is  boiled  in  50 
ml.  ,-t  v.i.ter  to  convert  .t  to  a  powder.  The  powder  is 
cMrr.cteil  three  tin  es  with  hot  alcohol,  the  alcohol  ex- 
tircts  are  coo’cd  ai  d  a  white  crystalline  solid  separates 
winch  is  bolatcd  by  filtration.  Toe  dry  solid,  which  is 

l’is(diineth>!vuifide  )r*-'t'taclilorotrihyilrodecafcor:mc(8)  2(> 

melts  :.i  3 1-1-317*  C.  The  identity  of  the  compound, 

X,!. :•■!(  Imx  the  t.nmtila  I;C15* 2SCCI ?3)2,  is  confirmed 
1  v  v‘h. ,;-.c i>!;il  analysis. 

'.I -Cde'd  for  dnHaC!r,-2S(CHa',:  B,  26.3;  C.  25 
1 1.»,;  H,  (  l,  S,  15.5.  l:otmd:  li,  25.7;  C,  11.8; 

H.  3."];C!,-!3  S,  1-5.8. 

it.  a  plit'.s  teacti./U  vessel  emfipped  with  a  stirrer  and 
roihix  eondeit-rr  i-,  chatped  xvitlt  30  ml.  of  acetonitrile 
anti  7,i)  g.  of  ;!.01!4-2.S'.CTI;,)j.  Chlorine  };a»  is  passed  30 
intr.  i!»c  icnclim  n*P.«*irc  niul  ;in  cxoiiicrrnic  reaction 
crjM'wS.  r.»s5.iga  of  e.is  is  continued  until  tl:c  reaction 
'.cn  jvr.dure  drops  .m.l  for  an  additional  hour  thereafter 
whd:  the  r-.Mi-r-.  is  heated  to  te'.Iuxing  temperature.  The 
srihi.oti  is  ii.oxJ  and  poured  into  SOU  nil.  of  water.  An  35 
oil  < .-parities  ar.J  230  ml.  of  ethanol  are  added  with 
siirrm:;  to  tltc  aqueous  mixture.  The  oil  solidifies  and 
the  soliJ  is  m:;v r  ued  by  filtration.  The  solid  product, 
which  is  bis(c!i:iiethvhu!!lJc)lioxndtljrodihydrodecabo- 
r.tpi.df,  is  eryst  tlii.-ed  from  ethanol  tc  form  a  product 
inching  at  3;0  ‘  C.  'I  lie  identity  of  the  compound,  which 
Ins  the  formula  i1!t,l!iCV2S(CIf3)2,  is  confirmed  by 
elemental  an.ilyis. 

,t .'sir. — Calc'd  fut  B|0IfjCI5-2S(CH3)2:  3,  24.2;  C, 
10.72;  If,  3.1.;  Cl,  47.6;  S,  14.3.  Found:  B,  24.4;  C,  45 
10.60;  II,  3. 41;  Cl,  •16.5;  S,  14.8. 

The  coin  pound  shows  unusual  stability  and  it  is  re- 
covered  unchanged  after  refluxing  for  a  short  period  in 
alcoholic  sod  era  hydroxide. 

C.  A  mixtuio  of  75  ml.  of  acetonitrile  and  10  g.  of  50 
B,vH,-2S(CHj)j  is  reacted  with  chlorine  gas  ns  described 
in  Part  A  except  that  the  mixture  if,  refluxed  for  7  hours 
with  continued  passage  of  chlorine  gas.  A  smalt  quan¬ 
tity  of  crystalline  solid  (Fraction  A,  M.P.,  259*  C.) 
forms  which  is  separated  by  filtration.  The  filtrate  is  6& 
evapormed  to  a  vo'ume  of  about  30  ml.,  poured  into 
water  ar.d  the  white  solid  which  forms  is  separated  by 
filtration.  The  solid  is  extracted  with  (1)  aqueous  etha¬ 
nol,  v2)  •vater-etharol-ncetonilrilc  mixture,  and  (3)  hot 
acetonitrile.  Each  of  these  extracts  are  evaporated  and  0- 
coolcd  to  yield  white  crystalline  products  which  are  des¬ 
ignated  as  follows:  from  aqueous  ethanol,  Fraction  B, 
M.l*.  340-357*  C.;  from  w.iter-ethanol-acctonitrile,  Frac¬ 
tion  C,  M.P.  367-369°  C.:  from  hot  acetonitrile,  Frac¬ 
tion  D,  M.P.  360-361*  C.  Infrared  absorption  spectra 
of  the  various  fractions  show  that  products  from  Fractions 
A  and  I)  are  identical  and  they  will  be  referred  to  solely 
as  Fraction  A;  similarly,  Fractions  B  and  C  are  identical 
(;>l;hough  different  from  A  and  D)  and  they  will  be 
referred  to  as  Fraction?.  7( 

Elemental  analyses  of  Fractions  A  and  B  show  that 
the  products  have  the  same  composition,  i.e.,  that  the 
products  arc  isomeric  forms  of  bis(dimethy!sulfide)hexa- 
ch!orodihvdrodecaborane(8). 

Analysis. — Calc’d  for  B,oH2CI8-2S(CH3)2:  B,  24.2;  C.  7! 


10.7;  H,  3.14;  Cl,  47.6;  S,  14.3.  Found:  Fraction  A— 
B,  24.3;  C,  11.0;  H,  3.16;  Cl,  49.0;  S,  13.8.  Fraction  B  — 

B,  25.0;  C,  1 1.2;  H,  3.20;  Cl,  47.9;  S,  13.7. 

Example  35 

A.  A  solution  of  6  g.  of  bwmee  in  50  ml.  of  acetoni¬ 
trile  is  added  with  stirring  to  a  solution  of  9.0  g.  of 
BioHs-2S(CH3)3  in  50  ml.  of  acetonitrile.  The  result¬ 
ing  mixture  is  light  yellow  in  color.  It  is  poured  into 
500  ml.  of  water  with  stirring  and  sufficient  solid  sodium 
iodide  is  added  to  coagulate  the  precipitated  solid.  The 
solid  is.  separated  by  filtration  and  it  is  extracted  three 
times  with  ethanol.  Evaporation  and  cooling  of  the 
ethanol  exlrccts  yields  E10H3£>r-2S(CH3)2,  a  white  solid 
•which  melts  at  233-234*  C. 

Analysis. — Calc’d  for  B:(1H7Br-2S(CH3)->:  B,  33.8;  C, 
15.05;  H,  5.95;  Br,  25.0;  S,  20.0.  Found:  B,  36.09;  C, 
16.07;  H,  6.55;  Br,  21.26;  S,  20.8. 

B.  Using  the  procedure  described  in  Part  A,  1.5  g. 
•of  B;lH3-2S(Cri3)j!  and  1  g.  of  bromine  are  reacted  in 
25  ml.  of  acetonitrile.  The  reaction  mixture  is  poured 
into  water  and  the  white  solid  which  forms  is  separated 
by  filtration.  It  is  further  purified  by  crystallization  from 
ethanol  to  yield  bia(dimeihylsuIfidc)monobromchept&hy- 
drodecaborane(8).  The  idem’tv  of  the  compound,  which 
has  the  formula  B,,jH7Br-2S(CH3)2,  is  confirmed  by  ele¬ 
mental  analysis. 

A nr.ly sis. — Calc'd  for  Bi0H7Br-2S(CH3)3;  B,  33.8. 
Found:  B,  32.6. 

C.  A  solution  of  6.7  g.  of  bromine  in  40  ml.  of  di- 
chlorcnieihane  is  added  with  stirring  to  a  solution  of 
10  g.  of  EioMs-2S(CH3)2  in  75  ml.  of  dichloromethane. 
The  reaction  mixture  is  evaporated  to  dryness  and  the 
solid  residue  is  extracted  successively  with  n-propyl  al¬ 
cohol,  twice  with  isopropyl  alcohol  and  then  with  n-pro¬ 
pyl  alcohol.  There  is  obtained  a  solid  fraction  (3.18  g.) 
which  melts  at  225-227°  C.  and  which  is 

BI0H7Br-2S(CH3)a 

The  product  is  again  extracted  with  n-propyl  alcohol  and 
dried.  It  melts  at  230-233°  C. 

A nalysls. — Calc'd  for  BI0H7Br-2S(CH3)2:  3,  33.8;  Br, 
25.0;  C,  15.1;  H,  5.95;  S:  20.0.  Found:  B,  34.5;  Br,  25.2; 

C,  15.5;  H,  6.18;  S,  20.2. 

D.  A  glass  reaction  vessel  equipped  with  a  stirrer  is 
charged  with  a  solution  of  3.0  g.  of  Bi0II3-2S(CH3)3  in 
ethanol-acetonitrile  mixture.  The  solution  is  warmed 
and  0.9  cc.  of  liquid  bromine  is  added  gradually.  An 
exothermic  reaction  sets  in  and  the  color  of  the  bromit.e 
in  tbe  reaction  mixture  is  discharged.  7Tie  solution  is 
poured  into  water  to  form  an  emulsion.  Solid  sodium 
bromide  is  added  to  break  the  emulsion  and  the  resulting 
mixture  is  filtered  to  separate  a  white  insoluble  product 
which  is  bis(dime!hyku!fiJe)dibromohexahydrodccubo- 
ranc(3).  The  identity  of  the  compound  which  the  for¬ 
mula  BlcH6Br2-2S(CH3)3  is  confirmed  by  elemental  anal¬ 
ysis. 

Analysis. — Calc'd.  for  B10H6Br3-2S(CH3)-:  B,  27.2; 
S,  16.1.  Found;  B,  30.36;  S,  17.34. 

E.  A  solution  of  15  g.  of  bromine  in  75  ml.  of  aceto¬ 
nitrile  is  added  with  stirring  to  a  solution  of  1C  g.  of 
BjoH8-2S(CH3)3  in  75  ml.  of  acetonitrile.  The  solution 
is  refluxed  for  30  minutes  and  it  is  then  poured  into  cxec-s 
methanol.  The  resulting  mixture  is  filtered  and  the  filtrate 
is  chilled.  The  solid  which  forms  is  separated  by  filtra¬ 
tion  to  yield  7.7  g.  of  B10H6Biv2S(CH3)2.  The  filtrate 
is  concentrated  by  evaporation  to  n  volume  of  about  30 
ml.  Additional  solid  product  precipitates  which  is  again 
separated  by  filtration.  It  is  crystallized  from  aqueous 
methanol  to  yield  the  compound  B10HpBr3-2S(CH3)3, 
melting  at  183-195*  C. 

Analysis. — Calc’d.  for  B10H6Br2-2S(CII3)2:  B,  27.1; 
S,  16.1;  C,  12.1;  H,  4.52;  Br,  40.2.  Found:  1st  fraction— 
B,  27.15;  S,  16.16;  Br,  41.34.  2nd  fraction — B,  26.6;  S, 
15.0;  C,  11.2;  H,  4.37;  Br,  39.01. 


3j29<2,2(30 


iVie  stability  of  the  compounds  of  the  lnvetaiuii  is 
illustrated  by  flic  faci  that  the  above  BioHgBr2‘2S(CH2)2 
is  unchanged  af'er  refluxing  15  minutes  in  alcoholic  potas¬ 
sium  hydroxide  contaimng  hydroxylamine. 

F.  A  solution  of  15  g.  of  btomine  in  75  ml.  of  aceto¬ 
nitrile  is  added  wiih  stirring  to  a  solution  of  10  g.  of 
Bi0HR'2S{Cir3)2  in  75  ml.  of  acetonitrile.  The  mixture 
is  refluxed  for  30  minutes  and  a  further  quantity  of 
bromine  solution  (13  g.  in  50  ml.  of  acetonitrile)  is  added. 


uecn1)orane{8;,  obtained  ns  Jo-.aXed  in  Cx.nrrpV  1.  The 
mixture  is  stirred  and  a  solution  of  3.-  g.  of  iodine  mono- 
chloride  in  50  ml.  of  methylene  chloride  is  ndeed  over 
a  period  of  10  minutes.  The  mixture  is  stirred  for  one 
hour  at  atmospheric  temperature  (about  75°  C.)  and  it 
is  then  poured  with  stirring  into  5 CO  ni.  of  petroleum 
ether.  The  resulting  mixture  is  filtered  and  the  filtrate 
is  evaporated  to  leave  a  solid  reside;.  The  residue  is 
crystallised  from  ethyl  alcohol  and  from  ethyl  alcohol- 


The  mixture  is  refluxed  overnight,  i.e.,  about  IS  bouts.  ]0  water  mixtures  to  obtain  a  nearly  ccicrless  solid,  M.P., 
The  reaction  mixture  is  concentrated  by  evaporation  of  139-141"  C.  The  product  is  a  mixture  of  about  70% 


the  solvent  to  about  100  ml.  ar.d  it  is  filtered.  A  lan 
solid  is  separated  which  is  crystallized  from  acetonitrile. 
There  is  obtained  a  white  solid,  M.P.  282°  C,  which 


bis(dim..thylsulfide  )  mnnoiodoheplsir.drodecafcoranefS) 
and  30%  bis  (dimethylsul  fide)  diiciohexahydt  odecabo- 
rane(S).  The  respective  formulas  for  these  compounds 


is  kis(dimcthvlsnilidc)trihromopcntahyJiodecaborane(8),  15  ate  BiaH7I •2S(CH3)2  and 

i.e.,  B,0H5Br3-2S(CH3)2.  The  identity  of  the  compound  Analysis. — Caic'd.  for  the  mixture:  C,  11.8;  H,  4.7;  S, 

is  confirmed  by  elemental  analysis.  15.8;  I,  41.0.  Found:  C,  11.7;  H,  4.7;  S,  15.8;  I,  42.1. 

Analysis. — Caic'd.  for  BigHijB^^SfCH^E*  B,  22.7;  Example  37 


is  confirmed  by  elemental  analysis. 

Analysis. — Caic'd.  for  Bi0Hr)Br:i-2S(CH:i)y  B,  22.7; 

C,  10.05;  H,  3.56;  S,  13.4.  Found:  B,  23.1;  C,  10.77;  H, 
3,78;  S,  13,21.  20 

G.  A  glass  reaction  vessel  equipped  with  a  stirrer  is 
charged  with  a  solution  of  BU,H8’2S(CH3)3  in  aceto¬ 
nitrile.  The  solution  is  heated  to  refluxing  temperature 
and  liquid  bromine  is  added  slowly  until  no  further  ab¬ 
sorption  of  bromine  occurs  in  2  minutes'  of  refluxing.  23 
Excess  bromine  in  the  solution  i  .  removed  by  adding  a 
small  quantity  of  (NH4)2B10Hio.  The  solution  is  poured 
into  water  with  stirring  and  the  piocipitatcd  material  is 
separated  by  filtration.  This  product  is 

B10H5Br3-2S(CH2)j  50 

Brominalicn  of  Biaf I3-2S(CH3)3  is  also  accomplished 
by  employing  N-bromosuceinimide  as  the  hio.r.inating 
agent.  For  example,  a.  mixture  of  0.34  g.  of 

B10H3-2S(CH3)2  35 

0.34  g.  of  N-bromosuccinivnide  and  25  ml.  of  carbon 
tetrachloride  is  refluxed  to  font:  a  mixture  of  bromo 
compounds  of  the  type  described  in  Parts  A~C 

Example  36 

A.  A  glass  reaction  vessel  is  charged  with  0.7  g,  of 
Bl0H5-2S(CH3)2>  0.7  g.  of  iodine,  0.2  g.  of  the  hydrate 
of  HjUmHio  or  its  equivalent,  and  75  mi.  of  acetonitrile. 


25  A  reaction  vessel  is  fitted  with  a  reflux  condenser 
equipped  with  a  calcium  chloride  tube  to  prevent  access 
of  moist  air  to  the  vessel.  The  veste!  is  charged  with  2 
ml.  of  pyridine,  3.2  g.  of  bis(ditnclh>ljulfiJe)moi!obromo- 
hcplah>'dvo;lceaboranc(8),  obtained  as  described  in  Ex- 
25  ample  35,  Part  A,  and  0.9  g.  of  cuprous  cyanide.  The 
mixture  is  heated  at  160-130°  C.  fur  5  hours  and  cooled 
to  form  a  semi-solid  mass.  The  mixture  is  extracted  (1) 
with  aqueous  concentrated  ammonium  hydroxide,  and 
(2)  with  acetone.  The  acetone  extract  is  diluted  with 
30  wider  to  form  a  pale  tan  precipitate  which  is  separated 
by  filtration  and  dried  in  air.  Tile  product  contains  bis- 
(dimclhylsulfiJe  )  rnonocyanoheptah;..drodecaborane(  8  ), 
whose  presence  is  confirmed  by  the  infrared  absorption 
spectrum  of  the  product,  it  has  the  formula 

35  B10H,CN-2S(CH;): 

Example  33 

A  reaction  vessel  is  charged  with  ICO  ml.  of  acetonitrile 
40  and  1 0  g.  of 

Bi;.Hi:CII,XC(0)C|Ii,C  Eli 

prepared  as  described  in  Example  5i>.  The  mixture  is 
stirred  to  form  a  slurry  and  chlorine  gns  is  bubbled 


The  solution  is  stirred  for  a  few  minutes  and  a  further  45  through  for  3  hours.  The  reaction  is  exothermic  for 


quantity  (0.7  g.)  of  B1oH8,2S(CH3)2  is  added.  The  solu¬ 
tion  is  heated  for  5  minutes  on  a  steam  bath.  Excess 
iodine  is  removed  by  adding  a  small  quantity  of 

(NI-I«hBI0H1(> 


to  the  solution  with  stirring.  The  solution  is  poured  into 
aqueous  sodium  bromide  solution  and  the  white  solid 
which  forms  is  separated  by  filtration.  The  solid  is  crys¬ 
tallized  from  ethanol  to  obtain  bis(dimclhylsuIfide)mono- 
iodohcptahydrodccaliorane(8),  i.e.,  B.sH7T2S(CIT2)2.  55 
The  product,  :.ts  isolated,  melts  at  203-212°  C.  and  con¬ 
tains  39.36%  boron  and  22.03%  iodine. 

B.  A  reaction  vessel  is  charged  with  a  solution  consist¬ 
ing  of  10  g.  of  bis(dimelhylsu!fide)octahydrodecabo- 
ranc(8)  in  100  ml.  of  dichloromethane.  A  solution  of  00 
6.8  g.  of  iodine  in  75  ml.  of  dichloromethane  is  added 
with  agitation  to  the  contents  of  the  reaction  vessel  at 
atmospheric  temperature  (about  25°  C.).  Agitation  of 
the  solution  is  continued  for  3  hours  and  the  solution  is 


the  first  half  hour  and,  after  this  initial  period,  the  mix¬ 
ture  is  heated  to  refluxing  for  the  remaining  2.5  hours. 
The  solution  is  filtered  and  the  filtrate  is  diluted  with  a 
large  amount  of  water.  An  oil  separates  which  is  ex- 

55  traded  from  the  mixture  with  hot  50-“  ethanol.  The  ex¬ 
tracts  are  cooled  and  the  solid  which  precipitates  is  sep¬ 
arated,  washed  and  dried.  The  compound,  bis(N-meth- 
ylpyroIlidoneoctachlorodccaborane(S),  is  obtained  as  a 
white  crystalline  product. 

55  Analysis. — Caic’d  for 


B,(,C!i  2CHiN  C  (O)  CiK«CH,: 

B,  18.3;  C,  20.4;  H,  3.0;  Cl,  48.0.  Found:  B,  18.4,  18.7; 

C,  21.4;  H,  3.8;  Cl,  45.6. 

By  employing  fluorine  diluted  with  nitrogen  gas  as 
the  haiogenating  agent,  compounds  bearing  fluorine  sub¬ 
stituents  can  be  obtained,  e.g.,  BtoHrFs-2S(C:H5)2, 

B10H2F5-2S(CeHu). 


then  concentrated  by  evaporation  to  a  volume  of  about  65  and  the  like. 


20  ml.  The  residual  liquid  is  added  with  stirring  to  about 
250  mi.  of  ethanol.  A  white  soiid  forms  which  is  sepa¬ 
rated  by  filtration.  The  solid  is  crystallize.!  twice  from 
ethanol  to  obtain  pure  bis(dimethylsulfide)monoiodchep- 
tahyd;odecaborane(8),  i.e.,  BioH7T2S(CH2)2,  which  70 
melts  at  195-198°  C. 

Analysis. — Caic'd,  for  BioIl7T2S(Cir3)2:  B,  29.5;  I, 
34.7;  S,’  17.5.  Found:  B,  29.9;  I,  33.6;  S,  17.8. 

C.  A  fciirton  vessel  i»  charged  with  fH>  ml.  of  ...uhyl- 


The  processes  of  Examples  34-3S  are  generic  for  the 
preparation  of  compounds  of  Formula  1  and  particular¬ 
ly  Formula  3  where  X  is  halogen  or  — CN. 

Example  39 

A.  A  glass  reaction  vessel  is  charged  with  10  g.  of 
[(CH3)1]2Blc'd,C(U)C£Hs 

{prepared  as  descfftivil  in  tx.uiiple  3),  4.2  g.  of  dimeuiyl 


ene  chloride  and  5  g.  of  bis(dimethylsulfide)octahydro-  75  sulfoxide  ar.d  100  mL  of  glacial  acetic  acid.  The  reaction 


i 


3, 200, sea 


mixture  is  cooled  to  about  12*  C.  in  an  ice-water  bath 
and  anhydrous  hycrogen  chloride  is  bubbled  tlnOJjh  the 
solution  at  a  rapid  rate.  The  temperature  rises  hi  5 
minutes  to  about  20°  C.  and  the  cooling  bath  is  removed. 
Passage  of  hydrogen  chloride  is  continued  for  45  min¬ 
utes  in  which  time  the  temperature  of  the  reaction  mix¬ 
ture  rise s  to  45.5°  C.  and  then  gradually  decreases  to 
32°  C.  The  solution,  which  is  red  at  this  stage,  is  poured 
with  stirring  into  600  ml.  cf  water.  An  orange  solid 
precipitates  which  is  a  mixture  of 

B,8H7C(0)C*H5-2S(CII2)a 

and  Kn10H6C(O)C0H3-f>(CH3)j,  i.e.,  a  mixture  of  the 
neutral  species  and  the  ionic  species.  The  solid  is  sep¬ 
arated  by  filtration  and  it  is  extracted  with  acetone.  The 
acetonc-solubic  portion  is  poured  into  three  times  its 
volume  of  concentrated  sodium  hydroxide  solution  to 
form  a  mixture  which  separates  into  two  layers.  The 
upper  layer,  which  is  an  acetone  solution,  is  separated  and 
it  is  pourcil  with  stirring  into  excess  water.  A  sticky 
solid  precipitates  which  is  separated  ar.d  dissolved  again 
in  acetone.  The  acetone  solution  is  added  with  stirring 
to  excess  propyl  alcohol  ami  a  solid  forms  which  is 
bis  (di.T.ftihylsuiridelbenzoylh.eptahydrodecaborane  (S), 
i.e.,  B;0H7Ct  O)CsH3'2S(Ca3l?.  The  solid'  is  separated 
by  filtration  and  dried.  The  identity  of  the  compound  is 
confirmed  by  its  infrared  spectrum  and  by  elemental 
analysis. 

Analysis. — Ca’c'd  for  B,0K,C(O)CeH5-2S(CHj)a:  B, 
31.4;  C,  38.2;  H,  7.0;  S,  18.7.  Pound:  B,  29.4,  C,  33.4; 
H,  7.9;  S,  16.0. 

B.  A  reaction  vessel  is  charged  ’with  10  g.  of 

[(CHl)*NJ,DI0HrC(O)CbH, 

12.2  g.  of  dimethyl  sulfoxide  and  100  ml.  of  glacial  acetic 
acid.  Anhydrous  hydrogen  chloride  is  passed  tbrougr: 
this  mixture  without  cooling  lor  56  minutes  during  which 
time  the  temperature  of  the  mixture  rises  to  a  maximum 
of  80°  C.  and  ihs.i  drops  to  25°  C.  Passage  of  hydro¬ 
gen  chloride  :s  stopped  and  the  reaction  mixture  is  peured 
with  stirring  in  500  ml.  of  water.  A  precipitate  forms 
which  is  separated  by  filtration.  There  is  obtained  11.5 
g.  of  B,0TI,C(O)CcH5-2S(CH3)3  as  a  white,  crystalline 
solid. 

C.  A  glass  reaction  vessel  equipped  with  a  stirrer  is 
charged  with  1.27  g.  of  !Ci0Hn'2S(CH3)3,  0.S5  g.  of 
benzoyl  chloride  and  30  ml.  cf  polyphosphoric  acid.  The 
mixture  is  stirred  for  !5  minutes  to  form  a  solution  of 
light  yellow  color.  A  further  quantity  of  benzoyl  chlo¬ 
ride  (0.85  ".)  is  added  with  stirring  and  the  solution  be¬ 
comes  darker  yellow  in  color.  Ttie  solution  is  stirred  for 
3  days  and  it  is  then  poured  with  agitation  into  300  ml. 
of  water.  The  solid  which  forms  is  separated  by  filtration 
and  dried  to  form  a  tan  colored  product  which  contains 
a  benzoylated  derivative  of  Bi0H8’2S(CH3)2  of  the  type 
illustrated  by  the  formula  BioJI7C(0)CoH5-2S(CH3)2. 
One  or  more  hydrogen.-;  are  replaced  by  CeH5C(0) — 
groups  in  the  reaction.  The  infrared  absorption  spectrum 
of  the  product  shows  the  presence  cf  B — H,  0=0  and 
phenyl  groups. 

Example  39  illustrates  acyl  derivatives  of 
XBioH8-2S(CH3)a 

and  their  preparation.  The  invention  is  generic  to  acyl 
derivatives  which  can  be  prepared  by  the  method  of  Ex¬ 
ample  38,  39,  or  by  other  methods,  e.g..  by  reaction  of 
BioHc'2S(CH;)s  with  anhydrides  of  organic  acids.  To 
illustrate,  0uIis*2S(CHa)s  is  dissolved  in  acetic  anhy¬ 
dride  which  contains  a  small  quantity  of  a  strong  acid 
(pKa=l. 7-2.0)  and  the  solution  is  warmed  on  a  steam 
bath  iv r  5  minutes.  The  solution  which  is  red  in  color 
is  diluted  with  ethanol  and  a  tan-colored  precipitate  forms. 
The  precipitate  is  separated  by  filtration  and  dried.  T  he 
em.fpuwmi  is  -kK  oo6 

or  more  hydrogens  are  replaced  with  CH3C(0) — groups. 


The  infrared  absorption  spectrum  of  the  compound  shows 
the  scull  of  L-H  bonds  and  >€--0  groups  of  the 
acetyl  [CK3C(0) — ]  radicals.  The  compound  is  of  the 
type  illustrated  by  the  formulas  BioH7C(OjC3-2S(CH3)3 
S  and  B10H(,[C(O)CH3]a-2S(CH3)a. 

Example  49 

A  small  portion  of  Bi0H7C(O)CeH5-2S(CH3)2,  ob¬ 
tained  in  Example  39,  Part  A,  is  dissolved  in  glacial 
10  acetic  acid.  .Excess  30%  hydrogen  peroxide  is  added  and 
the  solution  is  stirred.  After  standing  a  few  minutes  at 
prevailing  atmospheric  temperature  (about  25°  C.),  the 
solution  is  poured  into  water  and  the  precipitate  which 
forms  is  separated  by  filtration.  The  product  is  bis(di- 
15  rnelhylsulfide)  monobcnzoyIoxyheptahydrodecaborane(8) 
cr,  as  an  alternate  name,  bis(dimeihyisulnde)heptahy- 
drodccaboryl  benzoate.  The  identity  of  the  compound, 
which  has  the  formula  BioH:OC(0)CgH5’2S(CH3)2,  is 
confirmed  by  ;ts  infrared  absorption  spectrum. 

20  The  compound  of  Example  40  can  be  hydrolyzed  by 
aqueous  alcoholic  sodium  hydroxide  solution  to  obtain 
B,c7-l7OH-2S;CHa)2,  i.e.,  a  compound  of  Formula  1  in 
which  X  is  OH.  The  process  of  Exa  mple  40  is  generic 
for  the  preparation  of  compounds  of  Formula  1  in  which 
25  X  is  — OC(0)R,  e.g.,  OC(0)CH3,  —  0C(0)C3Hl7, 

and  the  like. 

Example  41 

A  reaction  vessel,  equipped  with  a  reflux  condenser, 
is  charged  with  6.8  g.  of  BIl>Ho,2S(OH3)2,  6  g.  of 
3®  HjNOSO-sH.  2  g.  of  NaOH,  50  ml.  of  water  and  50  ml. 
of  ethanol.  The  mixture  is  stirred  and  heated  at  reflux¬ 
ing  temperature  l'or  about  18  hours.  The  mixture  is  cooled 
and  filtered.  The  filtrate  contains  in  solution  an  arnino- 
substituted  compound  of  the  formula 

BJ0H7NII2-2S(CH3)a 

which  is  a  compound  of  Formula  3. 

The  compound  is  basic  in  view  of  the  presence  of  the 
amine  group  and  it  can,  therefore,  form  salts  with  acids. 
The  compound  is  an  example  of  the  group  of  compounds 
of  the  invention  in  which  ionic  activity  lies  in  the  X  sub¬ 
stituent  and  nut  in  the  polyhedral  boron  cage. 

The  compound  is  most  conveniently  isolated  in  the 
form  of  a  call.  To  illustrate,  an  aqueous  solution  of 
45  H2Bi2CIi2,  described  in  Example  D,  is  added  to  the  filtrate 
obtained  above  and  the  precipitate  which  forms  is  sepa¬ 
rated,  washed  and  dried  to  obtain 

[B10H7NHy2S(CH3)s]:B12Clia 

60  as  a  white  crystalline  product.  The  identity  of  the  com¬ 
pound  is  confirmed  by  its  infrared  absorption  spectrum. 

The  process  of  Example  41  is  generic  for  the  prepara¬ 
tion  of  compounds  of  Formula  1  in  which  X  is  — NIIa. 
The  process  can  be  used  to  prepare,  e.g., 

55  Bl0H7NH3-2O,S(C4H5)a- 

)110H7NxH2-N(C!(H17)3,  B10K7MH3- 2-pyridine, 

and  the  likr. 

Compounds  bearing  carboxyl  groups,  e.g., 

60  B.0H7COOH-S(CH3)3  and  B10H6(COOH)2-2S(CH3)a, 

are  obtained  by  hydrolysis  of  compounds  bearing  the 
appropriate  number  of  cyano  groups.  Compounds  bear¬ 
ing  nitro  groups,  e.g., 

c5  B10H7COOH’2S(CH3)a  and  E10H6(COOH(a-2S(CH,)3> 

and  the  like  are  obtained  by  reaction  of  B1oHa-2S(CH3)2, 
with  nitric  acid.  To  illustrate,  Bi0H3-2S(CH3)a  is  stirred 
with  concentrated  nitric  acid  at  room  temperature  (about 
70  25°  C.)  to  form  a  deep  red  solution.  This  solution  is 
diluted  with  water  and  a  red  solid  is  precipitated  which 
is  separated  by  filtration.  The  red  solid  is  a  nitro-sub- 
slituted  compound  of  the  type  illustiated  above.  The 
4C-U  p64;‘ad  njipQlr.jfc*  when  dry  uo?rytf»  h  ntt  fanHHc, 
75  PoIyhyarodecaborate(2-)  reactants  of  the  type  used 
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in  Pt.-'np’c  *9  Part  A,  y*  gfirateHy  vttful  fn  the 
jbovc-i'^«cril'cil  proco,cex.  i  c.,  polyiivdroclccaboratcs(2-) 
ti.i v::;y  one  or  n.orc  N  'croups  bonded  lo  heron  can  be 
reacted  with  oxides  of  the  'eneral  formula  Z-*0  to  form 
itup-iunle  ce::': rounds  of  Formula  3  having  one  or  more 
X  groups  in  the  tin.:!  product. 

'!hc  precedes  iV-.eril'ed  in  Examples  1 — 4 1  and  in  the 
preceding  paragraphs  arc  generic  to  the  preparation  of 
neutral  (pen-ionic)  compounds  which  fall  within  the 
scope  of  I'orrpjia  3.  .. 

Further  illustrations  of  compounds  hearing  X  substit¬ 
uents  and  reactants  which  can  be  employed  to  obtain 
them  arc  as  follows: 


48 

*ffr'/rrt.~CafcU  Lr  (CH,).Nt?wIV2S{CH,).:  B, 
42.7;  C,  28.4;  H,  10.7;  S,  12.7.  Found:  B,  42.0;  C,  28.3; 
H,  10.4;  S,  13.3. 

B.  The  process  of  Part  A  is  repeated  except  that  hy- 
5  drogen  chloride  gas  is  passed  into  the  mixture  for  only 

5  minutes.  7  lie  reaction  mass  is  processed  as  described 
in  Part  A  to  obtain  a  good  yield  of 

(CIT,)1NBlaHs-S(CH,)J 

C.  \  second  small  portion  of  Solution  A,  obtained  in 
Part  A,  is  mixed  with  an  aqueous  solution  of  cesium 
fluoride.  The  white  solid  which  forms  is  separated,  dried 
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The  ionic  compounds  of  Formula  2  can  be  changed 
to  the  t'oii-.onis  compounds  of  Formula  3,  as  illustrated  39 
in  Example  42,  which  follows. 

Example  42 

A  small  quantity  of  (OlitiNBioIIaSCHj-SCCHals, 
prepared  as  described  in  F sample  £2,  Part  A,  is  dissolved  3g 
in  dirr.it'iylfcrmarnide  and  methyl  iodide  (CH3I)  is  added 
to  the  solution  slowly  and  with  stirring.  Tetramethyl- 
mnntooium  iodide  which  p;«.:ipitates  is  separated  by  fil- 
t ration.  The  fiVr.-de  is  uiletcd  with  water  to  precipitate 
a  gummy  solid  v.  tich  is  separated  by  filtration.  The 
solid  is  ciy't.illi.’cd  from  aqueous  acetone  to  yield  a 
white  crystalline  product  which  is  bis(dimcthylsulfide)- 
cctahydrodccaboranc(S),  i.c.,  B.cUj-2S(CH3)3.  The 
iderdity  of  the  compound  is  confirmed  by  its  infrared 
absorption  spectrum. 

Example  2'»,  given  earlier,  also  illustrates  a  process  by  45 
which  the  compounds  of  Formula  2  arc  changed  to  com¬ 
pounds  of  Formula  3. 

PREPARATION  OF  IONIC-TYPE  OF 

COMPOUNDS,  FORMULA  2  f,0 

Example  43 

A.  A  glass  reaction  vessel,  equipped  with  a  stirrer 
and  immured  in  an  ice  bath,  is  charged  with  a  solution 
of  40  g.  of  (NIDsUjoHi,,  in  20  ml.  of  (CHjJaSO.  The  65 
solution  is  stirred  and  cooled  while  hydrogen  chloride 
gas  is  passed  through  it  for  1.5  hours  at  a  rate  sufficient 
to  maintain  the  reaction  temperature  at  44-65°  C.  At 
the  end  of  ibis  period,  the  reaction  mixture  is  poured  into 
500  ml.  of  water  and  the  solid  B|oHb'2S(CH]}2  which  8g 
precipitates  is  separated  by  filtration.  The  filtrate  is  ex¬ 
tracted  three  limes  with  100  ml.  portions  of  ethyl  ether 
and  the  aqueous  liquid  which  remains  is  concentrated 
under  reduced  pressure  to  a  volume  of  about  200  ml. 

Tlte  liquid  is  filtered  to  separate  a  white  solid  which  is  oa 
a  mixture  of  ammonium  chloride  and  a  poiyhydiopoly- 
fcorate.  The  solid  is  dissoivti  in  water  to  form  Solu¬ 
tion  A  and  a  small  portion  of  .bis  solution  is  added  with 
stirring  to  an  aqueous  soluF  .  I  (CHjJ^NCi.  A  white 
solid  p'ceipitates  which  is  sc,  -ted  and  dried.  It  is  re-  _Q 
crystallized  .rum  water  to  obtain  pure  tetramelhylamrao- 
niumdinieiJtjbuifide-nonahydrodecaborate(l'  1,  i.e,, 

(CHJt*N«laH1)-S(CIl3)J 

The  identity  of  the  compound  is  confirmed  by  elemental 
analysis  and  by  its  infrared  absorption  spectrum.  75 


and  crystallized  from  water  to  yield  pure  cesium  dimeth- 
y Isulfuie-nonahydrodccabcrate (1~),  i.e., 

CsBiaHj*SfCH3)a 

The  identity  of  the  compound  is  confirmed  by  elemental 
ant  lysis  and  by  ils  infrared  absorption  spectrum. 

. 4 Italy. vs. — Calo'd  for  CtB10K9-3(CH,)j:  B,  34.6;  C, 
7.7;  H,  4.8;  S,  10.0.  Found:  3,  33.8;  C.  7.8;  H,  4.9; 
S,  10.4. 

D.  ’Fiie  tetramcthyr.mmonium  compound,  obtained  in 
Fart  \,  is  dissolved  in  hot  water  and  the  solution  is 
passed  through  a  column  packed  v.ith  a  commerical  aci-i 
ion-exchange  resit:  of  the  aryl  sulfonic  acid  type.  Tin 
acidic  effluent  is  a  solution  of  HBiCH9-S(CH3)2  or,  more 
properly,  (HaOJBioHu-SfCHs);,  and  it  is  neutralized 
(.itrated)  v.ith  aqueous  NaOK  solution  to  obtain  a  solu¬ 
tion  of  NaB,oH5’S(CH3)3.  The  solution  of  the  sodium 
salt  is  evaporated  to  obtain  a  hydrate  of 

NaB,oH.-S(CHj)j 

E.  A  reaction  vessel  is  charged  with  40  g.  of 

(NH,),B10HI0 

and  200  ml.  of  (CH3)~SO.  The  mixture  is  stirred  and 
hydrogen  chloride  gas  is  passed  into  it  for  4  minutes. 
The  reaction  is  exothermic  and  the  temperature  is  main¬ 
tained  at  75°  C.  or  lower  by  external  cooling  of  the 
mixture.  Passage  of  HC1  gas  is  stopped  and  the  reac¬ 
tion  mixture  is  poured  into  500  ml.  of  water.  The  solu¬ 
tion  i.-,  filtered  and  30  g.  cf  triethylamine  is  added  to  the 
filtrate  with  stirring.  Sufficient  ammonium  hydroxide  is 
added  to  obtain  a  neutral  solution  (pH=7f.  The  solu¬ 
tion  is  allowed  to  stand  and  crystals  form  which  are  sep¬ 
arated  by  filtration.  The  product  is  recrystallized  from 
ethanol  to  yield  36  g.  of  (C2Hr,)3NHB,0H9-S(CH3)3. 

F.  The  triethyiammonitim  salt,  obtained  above,  is 
mixed  with  an  equivalent  quantity  of  potassium  hy¬ 
droxide  solution  and  the  mixture  is  boiled  to  expel  tri¬ 
ethylamine.  The  solution  is  cooled  and  the  crystals 
which  form  are  separated  to  obtain  KBioH9-S(CH3)j. 

Example  44^ 

A  reaction  vessel  is  charged  with  1.54  g.  of 

15  ml.  of  tetramethylene  sulfone  and  3.92  g.  of  anhy¬ 
drous  p-toluenesulfonic  acid.  The  charged  vessel 
is  placed  in  an  oil  bath,  the  reaction  n  ixture  is  stirred 
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;.nJ  t lie  oil  h.-.t!,  is  I,.  ntvd  lo  about  85“  C.  for  a  period 
ot  70  mimitrs.  G'.s  is  evolved  from  llic  reaction  mix¬ 
ture  during  this  period.  The  mixture  is  cooled,  diluted 
v  it!;  water  and  on  aqueous  solution  of  a  mixture  of 
tdtA«?:0K  and  Is  added.  The  precipitate  u 

v.hi.-h  forms  is  separated  ".•ashed  and  dried  in  air  to 
obtain  2.77  g.  of 

aTM.NIti-thOiSClhtCH^^JIi 

The  compound  is  -ccrvvlaillzcd  from  acetonitrile-meth- 
:•  ”.o!  mixture  'o  y.-id  large  white  crystals,  M.P.  195- 
196’  C.  (with  hahl'liny).  The  identitity  of  the  com¬ 
pound  is  eomirr.icd  by  elemental  analysis  and  by  its 
infrared  absorption  spectrum. 

15 

.'iiia lysis — Calc'd  for 

(CI!Pi.\Tl.:l!.0:!r<:iii(Cir:)|It!r> 

11.  3  1.73;  C.  30.84:  s,  |<)  29;  If,  9.38:  N,  4.50.  Found: 

Ih  34.r,5;  C,  31.08,  S,  1  if,  9.33.  N,  4.30.  20 

Ti  e  process  of  Tvnnpb;  44  is  Generic  for  the  prep- 
■u  tion  of  cumpo'iuds  of  Formula  1  and,  in  particular, 

>r  ,1  e  crmpuimds  ot  1  o.—mla  4.  To  illustrate,  by  using 
the  •  toco  s  of  Example  4-t.  dibuty!  si’lrone  is  reacted  with  25 
M-Jh.iloj  to  I'hr.ei.i  NaH^LVOeSfC,!!.,)*;  ethyl  phenyl 
s'.il.one  is  reacted  v.iib  ICJ),,!!,,  io  obtain 

Kih.-lipO.'lfCslfJfCoHs', 

dieyclnhcxy!  Milfope  is  '••v.ctcd  with  [ f C3H7> ->I I -.B  10lJf  10  30 
to  obtain  fCJI,Kv!hJij-0;5!(Cci!u)e.  and  the  like. 

It  is,  of  coupe,  po.-ibl:  to  obtain  it  wide  range  of  salts 
by  employing  mct.dheric  reacticrs  as  described  in  pre¬ 
vious  rvrr  ictnphs. 

by  cxtciiiing  l",c  liealire  period  in  the  process  of  35 
Example  -14,  non  ionic  compounds  of  Formulas  3  and  6 
can  be  obtain :J  it;  which  /.  is  a  sulfone. 

Example  45 

A.  A  reaction  •,<.'•  el  is  charged  with  20  g.  of  diam-  40 
mo. mum  devViydrode'  rborata  tud  100  ml.  of  N.N-di- 
rrcthylfo.ntamide.  '1  .e  mixture  is  stirred  at  atmospheric 
temperature  (about  C.)  until  the  boron  compound 
is  d: 'Solved  and,  with  continued  stirring,  gaseous  hydro¬ 
gen  chloride  is  bubbled  through  the  solution.  The  tern-  45 


48 

B.  A  solution  is  prepared  as  described  in  Part  A  con¬ 
sisting  of  5.0  g.  of  diammonium  decahydrodecaborate 
ar.J  75  ml.  of  N.N'-dimcthyUormamidc.  Hydrogen  chlo¬ 
ride  gas  is  passed  through  the  solution  with  vigorous  agi- 
rauon  for  a  total  period  of  45  minutes.  The  temperature 
of  the  solution  rises  to  about  90-120“  C.  during  this  time 
and  it  is  also  necessary  to  filter  the  solution  during 
the  interval  to  remove  a  large  portion  of  the  precipitate 
which  interferes  with  stirring.  At  the  end  of  45  min¬ 
utes,  passage  of  hydrogen  chloride  is  stopped  and  the 
solution  is  cooled  to  prevailing  atmospheric  temperature 
(about  "25°  C.)v  It  solidities  and  ethanol  is  added  to 
form  a  liquid  solution.  A  solution  of  tetramcthyhm- 
monium  hydroxide  in  ethanol  is  added  with  stirring  to 
precipitate  telramethylammoniurn  M,N-dimethylforma- 
niiJe-ronahydrcdecabornteCl-).  a  compound  which  has 
the  formula  (CH3)4NB10H3'IiCON(CH3)?.  "Hie  com¬ 
pound  is  separated  by  Filtration  and  it  is  crystallized 
twice  from  hot  water  to  obtain  a  product  of  high  purity. 

Analysis. — Calc'd  for'  (CH3)4NB,cH,-HCON(CH3)a: 
B.  41.0;  C,  31. S;  H.  10.6;  N,  10.6.  Found:  B,  40.5;  C, 
32.7;  II,  10.4;  N,  10.5. 

Example  46 

The  filtrate,  set  aside  in  Example  30,  is  used  in  the 
process  of  this  example.  An  aqueous  solution  of  telra- 
propylammonium  hydroxide  is  added  to  the  filtrate  and 
a  solid  precipitates  which  is  separated  by  filtration  to 
yield  2t  g.  of  tetranropylammoniurn  (N-mcthyl-2-pyr> 
rolidoncl-nonaiiydrodccaboraiefl-),  i.e.,  a  compound 
of  the  following  formula: 

o 
'  ll 

C - CII, 

(MB  islIi-C  I 

^ciij-ciri 

Analysis. — Calc'd  for  the  above:  C,  49.6;  H,  11.1. 
Found:  C,  49.8,  49.8;  II,  11.7,  11.6. 

The  processes  of  Examples  43  to  46  arc  generic  to  the 
preparation  of  ionic  compounds  of  the  invention.  Ex¬ 
amples  of  products  which  can  be  obtained  by  the  proc¬ 
esses  and  the  reactants  which  can  be  employed  are  as 
follows. 


Boron  Reactant 

Second  Reactant 

.  Product 

vC«TCv):S=0 . . 

(Cnj'i4N’BitHcS(.C«rTo)j 

NisBi«lI«“C  (CilltO  I1)| 

Cs  jr.rtP:OKi); 

(OIU  i-l*3 »c*U-  N \CUi)i 
f  ali.iii,-C»;:CN 

(UOCcitOsS-  O . 

(Cjir^N'iJiicirio . . . 

JlCvOjXlC«U3)j . 

iCHj):r— 0 . 

i(rn,^b},it,0if,(, . 

'on-h>;-o . 

CUjCN . 

perature  rises  spor'anccnsly  to  12.6*  C.  over  a  period  of 
12  minutes  and  it  then  decreases  to  about  80“  C.  flow 
or  hydrogen  chloride  is  stop1  mi  at  this  point  and  the 
soiution  is  tillered  to  rernov  the  ammonium  chloride 
which  precipitates  in  the  reaction.  The  clear  filtrate  go 
is  added  with  stirring  to  a  sulution  consisting  of  400  1. ii. 
of  ethanol,  10  ml.  of  methanol,  and  45  g.  of  cesium  hy¬ 
droxide.  A  white  solid  precipitates  and  it  is  separated 
by  filtration.  The  solid  is  extracted  with  100  ml.  of  hot 
water.  The  portion  remaining  after  extraction  is  crys-  05 
tJlFzed  tlircc  times  from  solution  in  hot  water  to  obtain 
cesium  dimclhylformamide  -  ,nonahydrodecaborate(l— ), 
i.e.,  a  compound  of  the  formula 

Csn10lI,IiC«C)N(CH3), 

The  compound  is  a  white  crystalline  solid  whose  identity 
is  confirmed  by  clcme  ital  analysis. 

Analysis. — C." Ic’d  for  ‘ 's(j10H9-KC(O)N(CH3)j:  Cs, 

41.  J,  U.  33.4,  C,  11.1,  H,  5.0,  N,  4.3.  Found:  us,  39.5: 

B.  32.7;  C,  11.3;  H,  5.1;  X,  4.4. 


The  examples  which  fo'.lc  v  illustrate  the  preparation 
of  ionic  compounds  of  the  invention  which  bear  X  sub¬ 
stituents  bonded  to  boron  atoms. 

Example  47 

A  reaction  vessel  is  charged  with  203  mi.  of  acetonitrile 
and  20  g,  of  CsBi0l-VHC(O)N(CH3)2,  prepared  as  de¬ 
scribed  in  Example  43,  Part  A.  The  vessel  is  equipped  with 
a  gas  inlel  tube  and  chlorine  gas  is  bubbled  through  the  re¬ 
action  mixture,  whicli  is  a  slurry,  for  4.5  hours.  Thr  mix¬ 
ture  forms  a  clear  dark  red  solution  which  Is  diluted 
with  water.  The  solid  which  forms  is  separated  by  filtra¬ 
tion,  washed  and  dried  to  obtain 

CsBi0CIg-HC(O)N(CHj)a 

as  ?.  white  crystalline  product.  The  identity  of  the  com¬ 
pound  is  confirmed  by  its  infrared  absorption  spectrum. 

Example  48 

tne  compound  B10lls»irj-2SiCj3j)2,  obtained  as  tie- 
75  scrii  fd  in  Example  35,  Part  G,  is  added  to  a  solution  of 


3,296,930 


*  » 

excess  pol.is:iUi.i  plnlialimide  in  dimcthyiforniamidc. 

The  solution  '=  refiuxed  for  15  minutes  and  it  is  n«.n 
diluted  with  '■  t  -r.  Ar,  aqueous  solution  of  tetramcthyl- 
ammoniom  zb  ,-ide  is  added  with  stirring  to  the  reaction 
mixtuie  ard  the  v.hilc  product  which  precipitates  is  sepa-  5 
rated  by  filtmio-.  It  is  recrystallized  from  aqueous 
ethanol  to  v;,fid  Mtramcihylammunium  dimethyisulfide- 
tribromo'(melhj Imei zapto)  -  pcntahydrodecuborate(l“), 
a  whiie  .  j  s.uiiiik  jj  ijJutt  of  *ie  fz.r.r.uht 

(CI13  )iv'BioH;it!r3S!_H3-Si.Cll3)3 
In  this  compound  which  is  within  the  scope  of  Formula 
2  Z  is  S',CH3).  and  tlicrc  are  four  X  groups,  viz.,  three 
Br  and  one  -SCH3.  The  identity  of  the  compound  is 
confirmed  by  elemental  analysis.  15 

A  nuly sis. — Calc'd  for 

(CIl3)4NBI0H5Br3SCH3-S(CH3)3 

B,  20.2;  C,  15.7;  II,  4.S6;  N,  2.61.  Found:  B,  18.52;  C, 
14.S;  H,  4.06:  N.  2.99.  20 

A  by-rrodua  obtained  in  the  above  process  is  N-methyl- 
phthalimidc. 

Example  49 

A  reaction  vessel  is  charged  with  10  g.  of 
CsBujHo-SfCHilj 

prepared  as  desmibeil  in  Example  43,  Part  C,  and  110  ml. 
of  dimclhy!  form  amide.  The  mixture  is  stirred  and  a  solu¬ 
tion  of  8.1  ?.  of  iodine  m  25  ml.  of  dimcthylformai  Je  is 
added.  Stirrine  i«  continued  for  about  5  minutes  and  the  40 
color  of  the  iodine  in  the  solution  disappears.  The  colu- 
tion  is  then  poured  into  an  aqueous  solution  conta  mug 
a  mixture  of  tctrar.vsthylnmmomom  hydroxide  and  letra- 
methylammcnium  chloride.  A  solid  precipitates  v.hich 


cipitate  which  forms  is  separated  by  filtration.  The  solid 
product  i>  mixed  with  aqueous  sodium  feydtor.ide  sola* 
lion  (approximately  20%  strength)  and  the  solution  is 
heated  to  boiling.  The  solution  is  filtered  to  obtain  a 
6  clear  filtrate  to  which  an  aqueous  solution  of  telra methyl- 
ammonium  chloride  is  added  with  stirring.  The  pre¬ 
cipitate  which  forms  is  separated  by  filtration  to  obtain 
tetramcthylammoniiim  dimetbylsulfidc-monohydroxyocta- 
t*y  1  r  tVcnhcra.'ei  1  —  1  ns  a  white  crystalline  solid.  The 
compound,  for  which  the  formula  is 

(CHs^NBuHsOK-SfCHjJj 
is  purified  by  rccrystallization  from  hot  water. 

Analysis. — Calc’d  for  (CM3) ■r-v'T B;oHaOH-S(CII3)a:  C, 
15  26.7;  H,  10.0;  N.  5.2;  S,  11.9.  Found:  C,  26.6;  H,  10.0; 
N,  5.2;  S,  1 1.8 

D.  A  mixture  is  prepared  which  consists  of  25  ml.  of 
10%  NaOH  and  1.9  g.  of 


r<::lIj.CITi5c(0)C:IIiCJIs’S(Cl,j)i 
(alpha  form),  obtained  as  described  in  Example  32.  The 
mixture  is  refiuxed  for  1  hour,  cooled  briefly  and  a  solu¬ 
tion  of  3  g.  of  CsF  in  15  ml.  of  water  is  added  with  stir¬ 
ring.  The  reaction  mixture  is  warmed  and  evaporated  on 
a  steam  bath  until  a  solid  separates.  The  solid  is  isolated 
and  recrystallized  from  water  to  obtain 

CsB:oH0OH-S(CH3)j 

which  is  identical  with  the  compound  obtained  in  Part  B. 

The  infraied  spectrum  of  the  compound  shows  absorp¬ 
tion  at  the  foil  awing  wavelengths  (expressed  in  microns): 
2.7  (medium),  3.0  (rmd'iim).  4.0  (sharp),  8.7(  medium), 
9.0  (medium).  9.4  (medium),  9.7  (medium),  10.0  (me¬ 
dium),  10.2  (medium),  10.4  (medium),  10.8  (weak), 


methyl:,  mmonium  chloride.  A  sol.d  precipitates  wn.cn  ,  3  e„“  e' iV  1  >  6  (verv  weak)  Pi  (weak  13  2 

is  separated  by  miration  audit  «  recrystallized  foam  wa  er  3.  .3  U m  U,  •£  <  >’ 


to  obtain  (CHO«NBioH«I-S(CH3):.  a  white  crystalline 
solid.  The  identity  of  the  compound  is  confirmed  by  ele¬ 
mental  analysis.  _ _ 

Analysis.— Ci\\c'd  for  (CHj^NlJioHsT’SfCHj)*:  B. 

28.5:  C,  19.0;  H,  7.0;  S,  8.45.  Fou 'd:  B,  27.8;  C,  19.3;  * 
H,  6.9;  S,  8.48. 

Example  50 

A.  A  leact'on  vessel  is  charged  with  an  aqueous  solu¬ 
tion  of  sodium  hvdroxide  and  the  compound  of  Example  45 
29,  B,oK3  S(Clf3*'»2  1IC(0)N(C"^3)j,  is  added.  The  mix¬ 
ture  is  stirred  until  all  of  the  solid  is  dissolved.  Aqueous 
tctramcthylammonium  chloride  solution  is  added  with 
stirring  until  precipitation  of  solid  product  is  complete. 

The  solid  is  separated  bv  f’tration  to  obtain  a  compound  50 
of  the  formula  ( C H-  V'!  B  o II t.0 II  •  S  ( C H3 )  2-  The  iden¬ 
tity  of  tiie  compour.c  is  confirmed  by  its  infrared  absorp- 
t:on  spectrum. 

B.  A  reaction  vessel  is  charged  with  5.0  g.  of 

B,.,H,-S<CHi)a-HC(0)N(CH,)a 

and  50  n.h  of  aqueous  10%  sodium  hyroxidc  solution. 

Tlve  mixture  is  stirred  until  the  solid  component  is  dis¬ 
solved  and  the  solution  is  filtered.  An  aqueous  solu¬ 
tion  of  cesium  hydroxide  is  added  with  stirring  to  the  60 
filtrate  until  precipitation  of  solid  product  is  complete. 
The  solid  is  separated  by  filtration  and  ic  is  purified  by 
rccrystallization  from  water.  The  compound  is  cesium 
dimcthylsulfide  -  monohydroxyoclahydrodccaboratet  1”). 


(very  weak)  13.9  (weak),  and  14.3  (weak). 

E,  A  mix  ere  of  4  g.  c.f  BioHa-N2-S(CH3)2  and  20  ml. 
of 

10  eiiiN(;(0)Cjir,ciT, 

is  processed  as  described  in  Example  32,  Tart  C.  The 
product 

15  r.i,UsS(CtI,)!.CII,NC(0)  C.-HiCII: 

(beta  form),  is  mixed  with  25  ml.  of  aqueous  5%  NaOH 
solution  and  the  mixture  is  refiuxed  for  30  minutes.  The 
mixture  is  filtered  and  an  aqueous  solution  of  TINOj  is 
added  to  the  filtrate.  The  precipitate  which  forms  is 
50  separated,  washed  and  dried  to  obtain 

TIB10HsOHS(CH3)j 

The  identity  of  the  compound  is  confirmed  by  its  infra¬ 
red  spectrum  which  shows  absorption  at  the  following 
55  wavelengths  (expressed  as  microns):  2.8  (medium),  3.0 
(medium),  4d>5  (strong),  8.3  (medium),  8.5  (medium), 
9.0-9. 3  (medium),  9.7  (medium),  10.0  (medium),  10.4 
(weak),  and  10.9  (weak). 

Example  51 

60  , 
The  compound  obtained  in  Example  50,  Part  B,  i.e., 
CsBi0H8OII '5(CH3)2,  is  heated  on  a  steam  bath  with 
98%  formic  acid  for  about  5  minutes  to  obtain  a  solid 
product  whose  infrared  at  sorp  ion  spectrum  shows  that  it 


dimelhvlsulfide  -  monohydroxyocianyarouccaooraievi  >.  - ; . . . i  ,  - ■ - 

The  identity  of  the  compound,  which  has  the  formula  65  is  Pnn?,pa^  C“ 

OsBU'HcOH*S(CiV)2.  is  confirmed  by  its  infrared  absorp-  h>drodecaborate(l  )>  i.c  ,  CsB^IigOCfO)!!  SfCHs/a* 
lien  spectrum  and  by  elemental  analysis.  ^  ^  ^  Example  52 

A.  A  glass  reaction  vessel  is  charged  with  6  ml.  of  tri- 


Analysis. — Calc'd  for  CsBi0Hr.OH  -S(CH3)2:  B,  32.0;  C, 
7.3;  H,  4.6;  S.  9.7.  Found:  B,  32.6;  C,  5.5;  H,  4.3;  S,  9.5. 


3;  If,  4.6;  5,  9./.  found:  ts,  uz.o;  w,  a.j;  n,  o,  “  «='“■/  J  r  ac/e-ij  v 

C.  A  reaction  vessel  is  charged  with  80  g,  of  dicesiom  70  butylphosphir.e  and  2..0  g.  of  B,oE,'2S(CH3);,  obtained 
-  .  1  1 _ 1 _ t- _ .1i»crriSpH  in  FvnfrmJ.-*  1.  NJtrnfien  fris  is  nnssed  into 


monoformyioxvnomihydrodccaboratc(2-),  obtained  as 
described  in  Example  57,  Part  A,  350  ml.  of  dimethyl 
sulfoxide  and  70  ml.  of  concentrated  hydrochloric  acid. 
TT>i  iiti  an.  is  heflfcJ  uii  a  steam  ifirift  fuf  short  2  lews 


at  described  m  Example  1.  Nitrogen  g-is  is  passed  into 
the  vessel  to  provide  an  inert  atmosphere  and  the  solution 
is  heated  for  a  few  minutes  to  210°  C.  Excess  tributyl- 
I-,  JVo  r'-n  ii.vr  l  hy  distillation  of  the  solution 


TTis.  mi,  an.  is  iwrdtii  ua  a  »*in  *or  t  ■. .  ’  At  r — .  —  7 

and  it  is  then  poured  into  two  filers  of  waters.  The  j  re-  75  under  reduced  pressure.  The  solid  residue  is  washed 


thoroughly  with  hcnzcne  and  the  residue  is  then  dissolved 
in  inethAiiOh  The  svjluiivjft  ia  lihind  iiflu  the  filtrate  is 
poured  with  stirring  into  an  ethanol  solution  of  teira- 
r.iethylammcnium  chloride.  The  solid  which  precipitates 
is  separated  by  filtration  and  it  is  crystallized  from  hot 
water  to  obtain,  as  a  white  crystalline  product,  a  com¬ 
pound  of  the  formula  (CH3),.NB:(;HsSCH3’S(CH3)2. 
The  compound  is  refcricd  to  as  tctramcihylammonium 

riimclhylstiifide-nicthy!mcrcaptooetahydrodecaborate(l-), 

wherein  the  Z  group  of  Formula  2  is  dimethyl  sulfide  and 
the  X  group  is  nicthyhnercapto(CH3S_). 

Analysis. — Calc’d  for  (CH3),iNBioIl8bClI3’S(CH3):>: 
B,  36.2;  C,  28.1;  H,  9.77;  N,  4.58;  S,  21.4;  M.W.,  299.6. 
Found:  B,  36.4;  C,  27.7;  H,  9.52;  N,  4.25;  S,  21.5;  MAY., 
299.0. 

In  a  second  preparation,  a  mixture  of  0.5  g.  of 
BiCHj,2S(CH3)j  and  8  ml.  of  tributylpkosphine  is  heated 
to  220”  C.  for  a  short  period  and  the  reaction  product  is 
processed  as  described  above  to  obtain  the  compound 
described  in  the  preceding  paragraph. 

It.  A  glass  reaction  vessel,  equipped  with  a  stirrer  and 
reflux  condenser,  is  charged  with  4  0  g.  of 
B10H3-2S(CH3)j 

obtained  as  described  in  Example  1,  4.0  g.  of  potassium 
phtholimide,  and  75  ml.  of  dimethy'formamide.  The 
mixture  is  refluxed  for  20  minutes  and.  after  coding,  it 
is  filtered.  Solvent  is  removed  from  the  filtrate  by  evapo¬ 
ration  tinder  reduced  pressure  until  a  shif.ge  remains. 
The  residue  is  stirred  with  water  and  the  mixture  is  filtered. 
An  aqueous  solution  of  cesium  fluoride  is  added  *.o  the 
filtrate  and.  the  solution  is  filtered  again.  An  aqueous 
solution  of  telramclhylammonium  chloride  is  now  added 
with  stirring  *o  the  filtrate  and  the  white  precipitate  which 
forms  is  separated  by  filtration.  The  product  is 


52 

efiiucnt,  which  contains  HQioHcSCHs'SfCHs);,  or  in  its 
hydronium  form,  i*  evapo¬ 

rated  under  reduced  pressure  to  dryness.  The  free  acid  is 
obtained  as  a  white  crystalline  product. 

5  Anahsis . — Cnic’d  for  HBioHuSCH3-S(CH3)2:  C,  15.9; 

H,  7.9;  S,  28.4.  Found:  C,  13.4;  H,  7.3;  3,  28.1. 

Example  53 
The  tctramcihylammonium  salt, 

10  (CM3)1NB10H,SCH3-S(CH3)j 

obtained  as  described  in  Example  52,  is  dissolved  in  hot 
water  and  the  solution  is  passed  through  a  column  packed 
with  a  polysulfonic  acid  ion-cxchangc  resin  (“Amberlite 
j5  i R_  120-11").  'I  he  acidic  efiiucnt  is  evaporated  to  dryness 
and  the  white  residue  is  crystallized  from  a  benzene- 
petroiemn  ether  solution.  The  compound  which  is  ob¬ 
tained  is  hydrogen  dimethylsulfide-ir.clhylmcrcaptoocta- 
hydrodccabor;itc(  1~),  i  e.,  HSioHgSCHa’SfCj’JjJj.  It  de- 
2o  composes  on  heating  to  190-195“  C.  In  this  compound 
which  falls  within  the  scope  of  Formula  1,  M  is  H,  X  is 
SCH3andZisS(CHs)5.  „  „  „ 

Analysis. — Caic  d  for  HB)nH3iCH3’S(C!I3)2t  B,  47.7, 
S,  28.3.  Found:  B,  47.8;  S,  28.4. 

25  The  aqueous  solution  of  the  aciu  of  Example  53  is  neu¬ 
tralized  with  an  aqueous  solution  of  I.iOH  to  obtain 
Li[B,cHjSCH3-S(CH3)2]. 

Example  54 

»a  A  portion  of  the-  compound  HB|oHsNHj’StCHs)«,  is 
°  dissolved  in  equeous  sodium  hydroxide  solution  and  an 
aqueous  solution  of  (.CHsIjNCl  is  added.  The  precipitate 
which  forms  is  separated,  washed  and  dried  to  obtain 
(CH3)4NB.0H3NH2-S(CH3)2. 

S5  Example  55 


(Crr3)4NBIOI!03CH3-vS(CH3)3 

i.e.,  the  compound  obtained  in  Part  A.  The  identity  of 
the  compound  is  confirmed  by  its  infrared  absorption 
spectrum  and,  further,  by  e1  -m. .’4a!  analysis  (boron, 
calc’d:  36.2;  found:  35.87). 

C.  A  mixture  of  2.0  g.  of  Bi0l',„’2S(CH3)-,  2.0  g.  of 
potassium  phthalimide  and  50  ml.  of  dimethylformnmtoe 
is  heated  to  reflux  temperature  for  15  minutes.  The  solu¬ 
tion  is  filtered  .md  the  filtrate  is  treated  with  an  aqueous 
solution  of  tetramethylainmor’um  chloride.  The  while 
solid  which  precipitates  is  purified  by  crystallization  to 
yield  a  compound  of  the  formula  staled  in  Parts  A  and  B 
of  this  example,  i.e.,  (CH3)iN 3ioilESCH3’S(CiI3);. 

Example  52-A  which  follows  illustrates  a  further  pro¬ 
cedure  for  introducing  — SR  si  bstitu.-nts  on  the  ooron 
cage.  In  this  procedure,  a  compound  of  the  formula 
B1CH8-2SR2  is  reacted  with  a  thiophcnol  in  the  presence 


A  solution  consisting  ot  11.3  g.  of  hydroxylamine-O- 
sui-onic  acid  in  100  rnf.  of  water  is  neutralized  by  add.ng 
a  solution  of  5.3  parts  of  Na»C03  in  20  ml.  of  water. 
40  The  neutral  solution  is  added  with  stirring  to  a  solution 
of  15  g.  of  KB,0IVS(CHj)i.  prepared  as  described  in 
Example  43.  Part  E,  in  100  ml.  of  water.  The  mixture 
is  heated  at  93°  C.  for  2  hours  and  then  cooled.  A  sticky 
mass  of  ciystals  form  which  arc  separated  and  orred  in 
45  air.  The  dried  product  is  recrystallized  from  a  mixture 
of  ethanol  and  propanol  to  obtain  4  g.  of 
I1310KaNH3-S(CH3)3 

This  compound  can  also  be  written  as  an  inner  salt,  i.e., 
50  BI0K«NH,-S(CH3):.  The  product  melts  at  290°  C. 

Analysis. — Calc’d  for  H 0 i(,I*I8N H3- S (C H3) 3 '•  C,  12.3; 
H,  8.S;  B,  55  4;  N,  7.17;  S,  16.4.  Found:  C,  12.4;  H, 
8.6;  B,  54.9;  N,  7.35;  S,  16.6. 


of  a  strong  base. 

Example  52-A 

A.  Two  solutions  arc  prepared  consi  ding  of  (a)  24.0  s. 
(0.10  mole)  of  B10H3’2S(CH-)2  in  22  0  g.  of  thiophene! 
anc.  (b)  11.2  g.  (0.20  mole)  of  KOH  in  100  ml.  of 
ctha.-io7.  The  solutions  arc  mixed  and  the  suspension 
v.'h'ch  terms  is  refluxed  for  6  hours.  A  clear  light  brown 
solution  forms  which,  after  cooling,  is  poured  into  a  solu¬ 
tion  cl  30.0  g.  of  CsF  in  200  ml.  of  C2H0OH.  A  white 
gum  precipitates  which  is  solidified  by  cooling  end  stirring. 
The  solid  is  separated  by  filtration  and  extracted  with 
100  ml.  of  ho;  water.  The  insoluble  portion  from  the 
v/aier  extraction  is  new  heated  in  300  ml.  of  water  to 
b  ulr  g,  the  solution  is  filtered  and  cooled.  Too  precipi¬ 
tate  which  forms  is  separated,  washed  and  dried  to  obtain 
cesium  dimethylsulfidc-methylmercaptooctahydiodccabo- 

Analysis. — Calc'd  for  CsBioHgSCH3’S(CH3)2:  C,  10.1, 
H,  4.8;  B,  30.2.  Found:  C,  10.3;  H,  4.9;  B,  10  4. 

B.  A  solution  of  5.0  g.  of  CsB10HaSCH3-S(CH3)2  in 
500  ml.  of  water  is  passed  through  a  glass  column  filled 
with  a  commercial  acid  ion-exchange  resin.  The  aqueous 


jj5  Example  56 

A.  A  reaction  vessel  is  charged  with  150  ml.  of  di- 
mcthylformamide  and  43  ml.  of  an  aqueous  solution  con¬ 
taining  0.23  mole  of  (Ii-0)3BioHio  is  poured  into  it  with 
stirring.  The  reaction  mixture  is  distilled  at  atmospheric 

60  pressure  until  a  still  head  temperature  of  130°  C.  is 
reached.  The  solution  which  remain*  in  the  still  pot  is 
cooled  and  it  is  added  with  stirring  to  solution  contain¬ 
ing  60  g.  of  cesium  hydroxide  in  600  nil.  of  ethanol  and 
50  ml,  of  methanol.  A  precipilate  forms  which  is  sep- 
65  araled  by  filtration.  The  solid  product  is  dicesium 
formyloxynonahydrodccaboratc(2-),  i.e.,  a  compound  of 
the  formula  Cs;I3ioH3CC(0)H. 

Analysis. — Call'd  for  CsdF o' f  (O )  H :  Cs,  62.1;  B, 

-  a  2.50;  C,  2.80;  H,  2.34.  Found:  Cs,  62.0;  B,  25.6,  25.4; 
C,  2.74;  H,  2.65. 

B.  Tiie  filtrate  which  is  obtained  in  the  above  separa¬ 
tion  step  is  distilled  to  remove  alcohol  solvents.  The  resi¬ 
due  from  the  distillation  is  mixed  with  ar.  aqueous  solu- 

75  tion  containing  20  g.  of  tetrauieihyliunmoni  im  chloride. 


The  [Accipitatc  which  for?..s  is  eparatcd  by  filtration  and 
3.8  g,  of  fro  ik  'd  sab,  i*  ,r;mk-thy!aninioniuni  hydrogen 
ilfm'--i'i\!:iminonc:i',!i>i!fv>ltc.ibor:ito(2-).  is  obtained. 
'Tl.c  iJu.tit)  of  .hr  ;.fod..et  has  the  formula 

(CU:,t4NHnmH9N(CH3)3 
is  coafitnicd  by  elemcnt.il  analysis. 

Analvu  r.-Calcd  for  If  If  .),NHn10H3N(CH3)2:  B, 

■Is. 7;  C.  3«)  5;  11,  1  1.9;  N,  1  1.8.  Found :  B,  44.0;  O,  31.5; 

II,  11.6;  N,  II. X.  10 

A  reaction  vessel  is  charged  with  1.0  g.  of 

(C!!,),NHH1JH9N(CH,)a 

1*0.. lined  as  urevc.  ti  .nt.  ft  diikein.. i-nlfo.Mde  uud  3  mi.  ^r: 
of  i  iin.'cnii.ited  i.i  .iioeltlotie  .;eid.  The  mixture  is  heated 
s  ,a  i  steam  bat n  i  r  30  :t. unites.  It  is  l  he. a  poured  into 
100  ml.  of  water  ith  -»ti: riiat;  ar.d  the  precipitate  which 
forms  is  -epirated  by  liiti.ition.  The  solid  is  dissolved 
in  acetone  and  t  .'precipitated  with  water.  The  product  2q 
is  iccrydalii.'vd  'torn  methanol-water  solution  to  obtain 
if. 2.'  ",  ol  h\ dm-  :;]  cUmc  th\ iMitbiTdinicilijiaiiiiiicocialii- 

drouecabeiatet  I  * ),  i.o.,  i  Hli  BislIsN(ClI3)3-SiCIT3)2lj 
a  con*. pound  '.inch  falls  wi.iiia  t!i<:  scope  of  Formula  2. 

Tb.  swi.ip.iM.d  v.'ti  a!.«  be  s-kw.d  .ns  r»>  {fitter  aak  in  gj 
which  the  hydrogen  in  .'rackets  i*  associated  with  the 
nittiv.vn  of  tue  din'eth'.  lumino  group.  This  structure, 
which  is  mi  crested  be  the  infrared  absorption  spectrum, 
is  rcptcH'nitJ  as  Hr,  ■  IjNMfClIjJs’SfCHj)*. 

The  compound  is  a  white  crystalline  solid  which  de-  gp 
t., mooses  at  2U6-207*  C.  Its  identity  is  confirmed  by 
elemental  analysis. 

.! 'ifi/v.s/f.— Calc’d  for  IIRu,nsN(Cir3)2-S(CH3)2:  S, 
14.3;  N,  6.27.  Tuund:  S.  14.3;  N,  6.20. 

/'r.'jjimb*  5/ 

A  solution  of  3.4  g.  of  tc'.ramethylammonium  dimethyl- 
stiHidc-nonahydrodc;abjrati;(l“) 

lfCHJ)<NnlcII9S(CHJ)2l  40 

obtained  as  ticscnbcJ  in  Example  <t3,  Fart  a,  is  prepared 
in  about  iOt)  ml.  of  boiling  water  and  the  hot  solution  is 
passed  through  a  column  packed  with  an  acidic  ion-ex¬ 
change  resin  (“Amhcrlite  IR-120-H’’J.  The  cITiuent,  45 
which  is  a  tohi'ion  of  H11|0H3'S(CH3)2.  or,  mere  prop¬ 
erly,  (lljO)U:CU3-S(Cll3):,  is  evaporated  under  reduced 
pressure  to  a  volume  of  about  4  ml.  and  the  liquid  resi¬ 
due  is  filtered.  About  20  ml.  of  .1,2-dimethoxyethanc 
iglytr.e)  is  mixed  with  the  filtrate.  In  this  step  a  transient  50 
lh'*w  rr.\  r  b'lt  fi'C  final  liqmd  io"  ji  recnntiallv 

colorless.  Henzes  I  chloride  (S  ini.)  is  added  with  stirring 
to  the  solution  :.nd  the  mixture  is  allowed  to  stand  at 
atmospheric  temperature  (about  25°  C.)  for  45  minutes. 

The  volution,  which  is  yellow  in  color,  is  heated  on  a  55 
steam  bath  for  10  minutes  during  which  period  the  color 
becomes  a  deep  red.  The  solution  is  poured  with  stirring 
into  luO  m<.  of  isopropyl  alcohol  containing  sufficient 
tctrnmethylammonium  hydroxide  (as  the  pentahydrate) 
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ammonium  dimetliylsulfidc  ••  monobcnzoyloctahydrodcca- 
boratc(I-),  i.c„  (CH?)<NB,(>HsC(0)Cl,H5-S(CIl3):. 

Example  5S 

5  A  reaction  vessel  is  c’natgcd  with  50  ml.  of  glacial  acetic 
acid,  2.1  g.  of  dimethylsuifoxide  and  5  g.  of  bis(tetrameth- 
ylammonium)  monobcr:zoylnoniihydrodecaborale(2-), 
prepared  as  described  m  Example  B.  The  charged  ves¬ 
sel  is  cooled  in  a  mixture  of  ice  and  water,  and  the 
reaction  mixture  is  stirred  to  form  a  slurry.  Hydrogen 
chloride.gas  is  passed  through  the  mixture  for  5  minutes 
at  a  rate  which  maintains  a  reaction  temperature  of  21 
to  25°  C.  The  reaction  vessel  is  removed  from  the  ice 
bath  and  passage  of  gaseous  hydrogen  chloride  is  con¬ 
tinues  tor  2  minutes  without  cooling  ms  mixture,  a  red 
solution  is  femned  which  is  poured  into  400  ml.  of  water 
with  stirring.  An  orange-colored  solid  precipitates  which 
is  separated  by  filtration.  A  portion  of  the  solid  (called 
Traction  A!  is  dissolved  in  acetone  and  this  solution  is 
poured  slowlv  with  stirring  into  an  aqueous  potassium 
hydroxide  so  ution  (approximately  2  molar).  A  cloudy 
solution  terms  which  contains 

K  B|(,HSC  (O)  CeK3  •  S  (CH3 )  a 

*1  ha  suIlui-jT.  ia  ftltcdcj  tilTvJU,.h  a  CCTikllvfclal  iliahnlj- 

ceeus  earth  to  yield  a  clear  filtrate.  A  saturated  aqueous 
solution  of  thallium  nitrate  is  -poured  into  the  filtrate  with 
stirring  to  form  a  light  yellow  solid  which  is  separated 
by  filtration.  The  solid  is  crystallized  from  solution  in 
water  on  a  steam  bath  to  yield  thallium  dimcihylsulfidc- 
inonofccnzoyloc!ahydrodccaboraie(l_),  a  compound  of 
the  formula  T!RioHuC(0)CeHs-S(CH3)2.  The  identity 
of  the  compound  is  confirmed  by  elemental  analysis. 

A nalyxis. — Caic’d  for  T1  B!0HEC(O)CsH5-S(CK3)a:  B, 
22.0;  C,  22.1:  H,  3.9;  S,  6.5;  ft,  42.0.  Pound:  B,  22.7; 
C,  23.fr,  M,  t.k;  S,  7.4;  Tl,  2?. 5. 

Example  59 

A  .solution  of  4.6  g.  (0.0)3  mole)  of 
Cs[r.10H8SCH3'S(CiI3)2] 

in  4uo  mi.  or  water  is  added  drop-wist  ana  with  stirring 
to  a  solution  of  1.4  g.  (0  013  mole)  of  BrCN  in  200 
ml.  of  water.  The  solution  becomes  yellow  and  a  pre¬ 
cipitate  forms  slowly  as  the  reaction  progresses.  When 
addition  of  the  solution  of  the  cesium  salt  is  completed, 
the  precipitate  is  separated  by  filtration.  The  precipitate 
contains  BioMs-2S(CVI3)2  and  other  by-products  of  the 
reaction.  The  filtrate  is  evaporated  almost  to  dryness 
unJer  reduced  pressure  at  25°  C.  The  yellow  solid  which 
rpninirk  is  iccmstnllized  twice  from  hot  water  to  obtain 
about  0.2  g.  of  cesium  dimeihylsulfide-thiccyanooctaby- 
drodecaboiate  (1_). 

A ntilvsis. — Calcd.  for  CsB10H-SCN-S(CH3)2:  C,  9.75; 
H,  3.79;  S,  17.40;  NN,  3.75.  Found:  C,  9.94;  H,  4.10; 
S.  17.50;  N,  3.84. 

Examples  of  compounds  which  can  be  obtained  by  the 
substitution  processes,  and  reactants  which  can  be  em¬ 
ployed  are  as  follows: 


Boron  reactant 

Second  reactant 

Product 

|(CjIlTBN]H„.UtO:S(C;IIij)i . 

csUjoiifcCms(Oii.i)j . . 

Hr . 

(CjIl:r.NniltriO,S<Ci7tii>i 

ten  iraDi-o . 

rsiua(0)Ci . 

(:-.iiii.iqoctoic  iii  Stciii!i 

Csl>i0lIfOtUS<CJu)a . 

r.si!ioM,oc'.»)('tni.svCHi)i 

l-sHiulIsOlIN; . 

(Cilis)jN' . 

Csll,olliOII-N(CiU,)i 

CsHihCl-X? . 

(C4UO3P . 

CsllicCI,PiC.ll,)i 

Ni'Uia11»NII*S(CJT3)! . 

C-lliNCO . . 

N!.it,l,ii,N'ncio).N'iiCin1-s(cn,>j 

C5Un.W»-HC{OjN(CUj)s . 

C«IIjCUfCiO)C! . 

C''.t1,.ii,c«0t:iiiC,ii»-tic(O)N(C’tii)i 

cii,— nisr  r:nt _ 

llllnli,<MI:-SlCI!,)i 

UllidliCjIIiCdlj-ClIsOf 

II  Difllli-CJIjCN . 

CjifiCii-cn*.’ . 

to  maintain  a  basic  solution.  More  tetiamethyhirmeni- 
uin  hydroxide  can  be  added,  if  needed,  to  the  isopropyl 
alcohol  solution  during  this  step  to  keep  the  solution 
basic.  A  tan-colored  solid  precipitates  which  is  separated 
by  filtration.  Tnc  product,  wnicn  is  drtcu,  is  tetramewyt- 


As  further  illustrations  of  procedures  for  obtaining  com¬ 
pounds  of  the  invention  bearing  X  groups,  fluorine-sub- 
stitmed  products  are  prepared  by  reacting  hydroxyl-bear¬ 
ing  dccaboutcs  with  hydrogen  fluoride,  e  g., 

it  joH-jUH  •  2$t.  CTT3;2 


USM  ,.^S3»:»*53SRi.  wroMssscawsawja  -autManm 


« 


3,206,260 


is  reeled  with  jib'  to  obtain  ii|i)H]-r2S(CtI3):;  com- 
priinds  bearing  ../id;  croups  ( — N,)  .ire  eb.aincd  by  re- 
Uiting  li,  Inhere  7.  i.  defined  ::s  ill  Formula  1] 

•with  :i  I'.elal  neve,  e  ,  B  .Hn-N.-'SfCHs^  is  reacted 
with  NnNj  .o  (.inn  cu.iijMimda 

bearing  ll.i.-l  groups  (-  si  I )  arc  obtained  by  reacting 

r.JUON, 

or  n.(Ka  >.':’Z  with  l'.vdn;'.':,i  * tiilide,  preferably  tinder 
prevure,  e.  g.,  ’tjclirNj-SICHi);  is  reacted  with 
Il-S  in  a  pres  nr?  >  .  v;i  at  autogenous  pressure  to 
obtain  ?:!t:;!I.s;i-SiClt3),.  Thiol  -  substituted  com¬ 
pounds  c.ui  be  o  ,.di/e<t  to  obtain  pioducts  bearing  a  sulfo 
;.roup  (—.SO., It),  e.g.,  H!!-5H;Sil-S(CMj)2  can  be  ox¬ 
idized  w i i h  hydrogen  petcA'dc  to  obtain 

The  procoves  i!h:-.t  rated  in  Examples  43-59  arc  generi- 
ca!!y  apptie.iblo  for  lb;  pioparation  of  ionic  compounds 
nf  ilie  invention,  lepre-ented  by  bormnla  2.  Compounds 
c..n  be  obtained  .‘mving  a  v  iJe  range  of  X  substituents, 
,.s  ■  '..••■effivd  hi  c  .tiller  ;  n.  i  r.-.ph.s  for  tin:  non-ionic  croup. 
I  iius,  ionic  co.tipo.ir.dt  ..re  obtained  bearing  rtich  giour.s 
as  carboxyl,  h.diyer.s,  nitre.  , inline,  n/.o,  Miifo,  acyl 
(•cetvl,  curry  1.  uteiu.cryl),  nikoxy  (mcilioxy,  licxyloxy, 
pheiioxyi,  lo.ii-oe  vy  tpiopionyloxy,  hexanoy'i- 

oxy),  c\,mo,  hydu  \y,  .vd  'be  like,  by  employing  the 
reactions  described  c:u  lie:  for  the  introduction  of  X  groups 
ar.d  their  modification. 

The  ii'in'c  compound,  of  ‘he  invention,  i.e..  corn  rounds 
■if  I ’ru  multi  2,  are  gcier.div  hoisted  in  the  form  of  salts 
of  low  soluhiiiiv  in  water,  ;.g.,  cesium,  tclrainelhylam- 
moniui.i,  t rir\*«-t 5*\ ttanirim  and  like  sails  >n  which  the 
cation  has  a  hug;  atomic  volume.  These  salts  .ire  readily 
converted,  as  deyube  I  earlier,  to  the  frea  acid,  i.e.,  to 
a  eo'np.-.nt.d  of  rormula  d  whete  M  is  H H  or,  in  its 
hyiii.ited  form,  (I!,0)k,  bv  contacting  solutions  of  t'nc 
salts  with  eor.i  ucreh.lly  available  acid  ion-exchange  resins. 
Tit;  rujucciis  vdjtteiii  are  then  neu'irdl/od  with  bases 
otnjhs  k-c  s  c.St  '*  "mwn ,  *fc*K4Wfcf,s  tw»  ertpaf-ittd 
to  drvnc'v  This  procedure  is  a  versatile  means  of  ob¬ 
taining  salts  having  any  desired  cation  M.  The  follow¬ 
ing  examples  tire  illustrative  of  the  process,  the  acid  re- 
actant  being  obtained  as  described  above: 


imparts  a  green  ■.•olor  to  fireworks,  fiarc  or  rocket  displays. 
Other  components  in  tl-.e  compounds  of  the  invention,  e.g., 
the  cation  M  in  the  Ionic  species,  the  substituent  X  bonded 
to  boron  or  til ;  group  Z,  can  impart  other  colors  or  per- 
5  mil  n  modirtcaiion  in  ihc  chaiaciensiics  ot  the  propellant 
composition  and  by  prcicr  choice  of  these  components  a 
broad  range  of  color  effects  can  be  accomplished  in  this 
generic  utility.  The  compounds  of  the  invention  are  pref¬ 
erably  employed  for  this  use  in  combination  with  oxtdiz- 
10  *nS  agents,  e.g.,  lithium  perchlorate,  sodium  nitrate,  potas¬ 
sium  permanganate,  strontium  peroxide,  manganese  di¬ 
oxide,  and  the  like*  to  obtain  the  desired  propulsive  effect 
and  color.  The  following  combinations  in  which  the 
boron-containing  compound  can  be  present  in  from  about 
15  5-2; fo  by  weight  are  illustrative  of  the  compositions 
wMrli  rt  '  um4- 

BI0f-V 25(013)2 — NaNOj,  B1QH8‘2P(C.H9)3— LiNOa 

0Q  Uu,TUaCttj:cC(0)CIT;CUiCIIi— SrNOj— KMOj 

B.oHaTCHaSCsIfjNHj—KH^NOa 
B,eII8'2CHjCN— LiC10« 

BioIIaBrj— KMr.04l  CsB.cH9-MC(0)N(CH3)a— XaCdO, 
CsBJ(,IfsOH-S(CH3)r-MnOr-SrNO, 
and  the  like.  These  examples  arc  not  limiting  but  are 
illustrative  of  the  combinations  winch  are  possible  lor 
use  in  the  above  field. 

1  lie  compounds  of  the  invention  arc  gcncrically  useful 
30  as  impregnating  agents  for  ceikilosic  materials  in  the 
preparation  of  rcsitnors.  To  illustrate,  a  section  of  cel- 
lulosic  string  is  immersed  in  a  saturated  solution  of 
BsoIIa'JSfCHsJa  in  acetone  for  a  short  period  and  it  is 
suspended  in  air  until  the  solvent  is  evaporated.  The 
35  dried  string  is  ignited  with  an  open  flame  and  burns 
vigorously.  There  remains  a  self-supporting  ash  of  sub¬ 
stantially  the  same  size  and  shape  as  the  string.  The 
residue,  embedded  in  paraffin,  has  a  resistance  of  about 
3000-4000  ohtns/inch.  A  section  of  siring,  treated  as  de- 
.10  scribed  above  with  a  saturated  solution  of 


(CitlOiSiJtuIIiCIIiN 


CHj-CIIi 


rolyUirVx  f.ilt 
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Uses  for  compounds  of  the  invention 

The  compounds  of  the  invention,  represented  by  For- 
mila  1,  are  gcnerically  useful  as  combustible  components 
of  propellant  compositions  for  fiteworks,  flares  or  rockets, 
Cscu  of  Ifte  Am«puu»  >.  s  of  ft*  i.rwirtJjA  c  K».n» 

as  a  common  element.  The  presence  of  this  element 


„  yields  a  shaped  residue  having  a  resistance  of  about  40,000 
,0  ohms/inch.  The  compounds  of  the  invention,  as  exem¬ 
plified  in  Examples  1-59,  are  useful  in  this  field  of  ap¬ 
plication, 

in  the  group  of  compounds  which  fa’!  within  the  scope 
7r  <  *  bVf'TTii'x  2,  "w  M  rei’ttsei.bs  a  raivt  of 

•d  groups  which  are  readily  interchangeable  by  metatfcetic 
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reactions  ns  described  earlier.  All  of  the  salts  which  fall 
within  the  scope  of  Formula  2  can  be  used  to  prepare  the 
group  of  acids  represented  gencricatly  as  HBiqHd— yXy’Z, 
or.  in  aqueous  solution,  as  (HaO)  (BjoKo-yXy-Z)  by  pass¬ 
ing  aqueous  or  alcoholic  soiulions  of  the  ‘alts  through  an 
acidic  ion-exchange  resin  as  described  earlier.  The  acids 
of  tl'.is  group  are  strong  acids  and  they  arc  useful  in  in¬ 
dustrial  applications  where  it  is  desired  to  avoid  contami¬ 
nation  from  situate,  chloride,  bromide,  chlorate,  phos¬ 
phate,  and  like  strong  acid  anions.  Thus,  the  acids  of 
Formula  2.  where  M  is  H  (or  HsO+)  are  useful  for 
etching  metals,  such  as  steel,  and  for  msl  removal,  for 
pickling,  for  scale  remeval  and  for  similar  metal  proc¬ 
essing  operations. 

The  acids  arc  useful  as  catalysts  in  the  preparation  of 
esters,  e  g.,  in  the  reaction  of  alcohols  end  organic  acids, 
to  improve  the  yields  of  the  desired  esters.  The  acids  of 
the  invention  arc  employed  for  this  purpose  in  the  same 
manner  as  p-tolucnesuifonie  acid,  sulfuric  acid  or  alco¬ 
holic  hydrogen  chloride. 

The  acids  obtained  from  each  of  the  compounds  of 
Examples  43  through  59  arc  useful  as  described  above. 

The  acids  and  many  of  the  salts,  particularly  ti  c  alkali 
metal  and  .alkaline  catth  metal  salts,  tire  useful  as  se¬ 
questering  agents  for  heavy  metals.  Thus,  a  mixture  of 
hydrocarbons  in  the  boiling  range  o'  ga<oline  which  con¬ 
tains  a  copper  salt  of  :.n  org.  nic  acid  (copper  stearate), 
is  thoroughly  agitated  with  aqueous  nmmoniaeal  solutions 
of  any  of  the  alkaii  metal  or  alkaline  earth  ntetai  salts 
of  the  compounds  of  Formula  2,  c.g.,  CsB.olVS(CH3) 
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CsB10!l5-liCON(CH2):,  and  the  like.  The  hydrocarbon 


layer,  which  is  separated  from  the  aqueous  reagent,  is 
completely  free  of  deleterious  copper  salt. 

The  new  compounds,  particularly  the  acids,  alkali 
metal,  alkaline  earth  metal  and  ammonia  salts,  are-  useful 
as  sequestering  agents  for  metals  in  aqueous  media.  Thus, 
copper,  nickel,  cobalt,  zinc  and  cadmium  ate  removed 
from  aqueous  solutions  ot  salts  containing  these  metals 
by  mixing  the  solutions  with  nmmoniaeal  solutions  of  the 
acids  and  alkali  metal,  alkaline  earth  metal  and  ammoni¬ 
um  salts, 

Tite  substituted  ammonium  salts  and,  in  general,  all  of 
the  nitrogen- base  salts  as  well  as  phosphnniunt  and  sul- 
fcniuni  salts  arc  useful  in  the  held  of  sequestering  agents 
tc  remove  undesirable  metals  front  aqueous  or  hydro¬ 
carbon  media,  c.g.. 


(CH^NBuI-VKCONfCHa), 

(ClIjhNBtoHsSCHj-StCHs), 


and  the  like. 

The  silver  salts,  i.e..  the  compounds  of  Formula  2, 
where  M  is  Ag,  are  sensitive  to  light  and  they  are  useful 
in  the  photographic  art-:.  To  illustrate,  Ihc  cesium  salt, 
CsBioHB‘S(CHj)s.  is  reacted  with  silver  i.itrate  to  obtain 
Ao,Bipll9-S(CH3)3.  An  alcoholic  solution  of  the  silver 
salt  is  prepared  in  subdued  light  and  a  strip  of  pure  cel¬ 
lulose  sheet  is  immersed  to  half  its  length  in  the  solution. 
The  strip  is  removed  and  dried  in  the  ahscncc  of  light. 
When  exposed  to  light  the  treated  pottion  of  the  strip 
turns  dark  while  the  untreated  portion  is  not  affected. 

Tito  neutral  tr  non-ionin  group  of  compounds  of  the 
invention,  which  are  represented  by  Formula  3,  can  be 
used  as  intermediates  for  the  preparation  of  the  ionic 
gioirp  of  cornpumitli  TfUidi  art  reproiii  U.J  by  For„.«!a 
2.  The  use  of  ionic  compounds  as  intermediates  is  illus¬ 
trated  in  Examples  48  and  52, 


sive  property  or  privilege  is  claimed  are  defined  as  fol¬ 
lows: 

1.  A  compound  of  the  formula 
M(2—n)[BifH]G_a— jrXy '  nZ]„ 

wherein  M  is  a  cation  having  a  valence  from  1  to  3;  X 
is  bonded  to  boron  and  is  a  monovalent  group  which  is 
capable  of  bonding  to  nuclear  carbon  of  a  carbocyclic 
aromatic  compound  by  replacement  of  hydrogen,  and  is 
( 1 )  a  group  derived  frem  an  electrophilic  reagent  by  di¬ 
rect  attack  on  the  boron  cage,  or  (2)  is  a  group  derived 
by  modification  oFa  group  in  (1)  by  reduction,  esteri¬ 
fication,  hydrolysis,  dehvdration,  amidntion  and  combi¬ 
nations  thereof;  Z  is  selected  lrom  the  group  consisting 
15  of  organic  sulfides,  tertiary  phosphines,  tertiary  amines, 
amides  of  carboxylic  acid-,  organic  sulfones  and  nitriles; 
n  is  a  cardinal  number  of  from  1  to  2,  inclusive;  (2— u) 
represents  the  number  of  M  groups  which  are  present  in 
the  compound;  y  is  a  cardinal  number  of  Iron)  0  to 
(10— n),  inclusive,  and  b  is  equal  to  the  valence  of  M 
when  n  is  1  and  b  is  1  when  n  is  2. 

2.  A  compound  of  the  formula 

M[B;;H,_vX--Z]b 

wherein  M  is  a  cation  hiving  a  valence  front  1  to  3;  X 
is  bonded  to  boron  and  is  a  monovalent  group  which  is 
capable  of  bonding  to  nuclear  carbon  of  a  carbocylic 
aromatic  compound  by  replacement  of  hydrogen,  and  is 
(1)  a  group  derived  from  an  electrophilic  reagent  by  di¬ 
rect  attack  on  the  boron  cage,  or  >  2)  is  a  gioup  derived 
by  modification  of  a  group  in  ( 1 ;  by  reduction,  estcri- 
ficaiion,  hydrolysis,  dehydration,  antidation  and  combi¬ 
nations  thereof;  Z  is  selected  from  (he  group  consisting  of 
organic  sulfides,  tertiary  phosphines,  tertiary  amines, 
amides  of  carboxylic  acids,  organic  sulfones  and  nitriles; 
y  is  a  cardinal  number  of  from  0  to  9,  inclusive,  and  b 
is  csual  to  the  valence  of  M. 

X  A  compound  of  the  formula 

B-.0H4_1.X-2Z 

wherein  X  is  bonded  to  boron  and  is  a  monovalent  group 
which  is  capable  of  bonding  to  nuclear  carbon  of  a  car¬ 
bocyclic  aromatic  compound  by  replacement  of  hydro¬ 
gen,  and  is  (1)  a  group  derived  from  an  electrophilic 
4 5  reagent  by  iliiect  attack  on  the  boron  cage,  or  (2)  is  a 
group  derived  by  modification  of  a  group  in  (1)  by  re¬ 
duction,  esterification,  hydrolysis,  dehydration,  anima¬ 
tion  and  combinations  thereof;  Z  is  selected  from  the 
group  consisting  of  organic  sulfides,  tertiary  phosphines, 
tertiary  amines,  antidc-s  of  carboxylic  acids,  organic  sul¬ 
fones  and  nitriles;  and  y  is  a  cardinal  number  of  from 
0  to  8,  inclusive. 

4.  A  compound  of  the  formula 

MfBioHj-Zlb 

wherein  M  is  a  cation  having  a  valence  from  1  to  3;  Z 
is  selected  fiom  the  group  consisting  of  organic  sulfides, 
tertiary  phosphines,  tertiary  amines,  amides  of  carboxylic 
adds,  organic  sulfones  and  nitriles;  and  b  is  equal  to  the 
valence  of  M. 

5.  A  compound  of  the  formula 
B.0HS-2Z 

wherein  Z  is  selected  from  the  group  consisting  of  or¬ 
ganic  sulfides,  tertiary  phosphines,  tertiary  amines, 
amides  of  carboxylic  acids,  organic  sulfones  and  nitriles. 

6.  A  compound  ot  the  formula 

E-cHj.jXy  -  2Z 
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Since  many  different  embodiments  of  the  .mention  nay  ^  wherein  X  is  bonded  to  boron  and  is  a  monovalent  group 
be  made  without  departing  front  the  spirit  and  ucops  which  is  capable  of  bonding  to  nuclear  carbon  of  a  car- 
thereof,  it  is  to  be  understood  that  the  invention  is  not  bocyclic  aromatic  compound  by  replacement  of  hydro- 

limited  by  the  specific  illustrations  except  to  the  extent  gen,  and  is  (1)  a  group  den, sea  from  an  electrophilic 

Jcfivitd  it  ilia  ft  flawing  dtetan.  iwsgt- t  ly  dfcicl  *»fk  -ett  Hat  be>t  >  digs,  of  its  a 

The  embodiments  of  the  invention  in  which  an  exclti-  75  group  derived  by  modification  of  a  group  in  (1)  by  re- 


.-fe 


■yWf 

i  iu;  I  f 


-  fiu-  * — llr  x  ’-I 

VWWftiM I 


3,290,200 


.  < 


Jncn'A.n,  isUiifX.di'n,  i.> ol> sis,  tlfh} <!■  ation,  P.i'niila- 
I  ;> tui  combinations  thereof:  7,  is  selected  from  the 
'■'fiti.-i  cotwiuing  cf  organic  sulfides,  tertiary  phospl. i;:cs, 
ferii.iiy  rmiiv..  amides  o:  carboxylic  acids,  organic  sut- 
fo::es  art!  nitriles;  and  y  is  a  cardinal  number  of  from  6 
1  to  X,  inclusive. 

7.  A  compound  of  the  formula 

MlH10H,.yX,-Z]b 

wherein  M  is  a  cation  having  a  valence  from  1  to  3;  X 
is  bonded  to  heron  ami  e.  a  monovalent  group  which  is 
capable  of  bending  to  n. clear  carbon  of  a  ctirbocyciic 
art  ma.tie  command  by  replacement  of  hydrogen,  and  is 
(11  a  group  deliver!  from  an  elect raah.hic  reagent. by  di¬ 
rt  ct  alia: ;  on  the  baron  cage,  or  (3)  is  a  group  derived  ig 
by  mod  Petition  of  a  crimp  in  (1)  by  reduction,  esteri¬ 
fication,  hydiolj'ls,  dc'iyt  tation,  amidalion  and  combi- 
m, lions  thereof;  /.  is  selected  from  the  group  consisting 
of  organic  sulfide'.  tertiary  phosph'ncs,  tertiary  amines, 
MiiiJes  of  caibosjiic  acids,  uremic  sulfoncs  and  nitriles;  >>c 
y  is  a  ca  diinl  mu-.ber  of  from  1  o  9,  inclusive;  and  6 
:■>  ccjiitil  to  b'c  valence  of  M, 

8.  A  cr-mi'uimd  of  the  formula 

N*t2  nil  tl|S-n-j7Cj.'nZ]b 

ZS 

wherein  M  is  a  ca.iou  having  a  vrlcnce  of  from  1  to  3; 

X  i>  a  substituent  selected  iiotn  lie  class  consisting  of 
liydroxyl  and  halogen  of  atomic  number  of  at  leas'  17; 

Z  it  an  organic  MiitUlc;  n  is  a  caulinul  number  of  from 
S  to  2,  irc'usive;  (2—  t)  represents  t  ic  number  of  M  30 
groups  p.test'.n;;  y  is  a  ca’din.’l  number  of  from  0  to 
(id— «),  inclusive;  ar.d  6  is  equal  to  the  valence  of  M 
when  n  is  1  ;,nd  b  is  1  when  n  is  7. 

9.  A  rompc.uivJ  >.f  claim  ll  wherein  Z  is  tertiary  phos¬ 
phine.  35 

id.  A  compound  of  claim  8  wherein  Z  is  tertiary 
amine. 

1 1.  A  compound  of  claim  S  therein  Z  is  an  amide 
of  catbc.cylic  acid. 

12.  A  compound  of  claim  8  wherein  Z  is  organic  su!-  40 
fie  no. 

13.  A  compound  of  claim  3  wherein  Z,  is  nitrile. 

M.  Process  for  fV.c  formation  of  a  compound  selected 
from  the  class  resisting  of 

and  BI0H.,-2Z  45 

wherein  M  is  a  cation  having  a  valence  from  1  to  3;  Z 
is  a  member  of  ‘.he  group  consisting  of  organic  sulfides, 
tertiary  yhorphincs  and  tertiary  amines  and  b  is  equal  to 
the  valence  of  M,  which  comprises  treating  a  com-  60 
pound  selected  (torn  the  class  consisting  of  H2Bi8H;o, 
Na-l!i0!l|;,  K.IvoUte,  and  iNbf4)2B;oH,o,  with  a  num¬ 
ber  of  the  group  consisting  of  organic  sulfoxides,  phos¬ 
phine  oxi  Ins  and  a  mine  oxides  in  the  presence  of  a 
strong  acid  within  .1  temperature  range  of  —20°  C.  to  65 
110"  C.,  isolating  i!T,il!,-2Z  from  the  reaction  mixture, 
contacting  the  reaclioj  mixture  free  of  B1()H,,-2Z  with 
a  salt  containing  the  cation  M,  and  separating  there¬ 
from  the  compound  M(Bl0If}'Z)t,. 

15.  Process  for  the  formation  of  a  compound  of  the  CO 
formula 

M[BlaK,Z]h 

wherein  M  is  a  cation  having  a  valence  from  1  tc  3;  Z 
is  .‘.elected  from  the  class  consisting  of  organic  sulfoncs  nr 
and  amides  of  a  carboxylic  acid  and  b  is  cqt  al  to  ' J 
the  valence  of  Nf,  which  comprises  treating  a  com¬ 
pound  selected  ftotn  the  class  consisting  of  H->B10K]B, 

Na;  BioIlio>  K;  anu  (NH^BioHio,  with  a  com¬ 

pound  selected  from  the  class  consisting  of  organic  su!- 
foncs  and  amides  of  a  carboxylic  acid  in  the  presence  of  ' 
a  strong  acid,  and  continuing  the  addition  of  acid  until 
heat  is  no  longer  evolved,  removing  insoluble  materia! 
by  filtration,  reacting  the  remaining  filtrate  with  a  salt 
containing  the  ca!ion  M,  and  separating  therefrom  the 
compound  M 


60 

16.  Process  for  the  formaiion  of  a  compound  of  the 
formula 

BioH8-2Z 

wherein  Z  is  selected  from  the  class  consisting  of  organic 
sulfoncs  and  amides  of  a  carboxylic  acid  which  com¬ 
prises  treating  Ma-(B;0H.a)b’  wherein  M  is  a  cation  hav¬ 
ing  a  valence  of  from  J  to  3,  a'  and  o'  are  positive  whole 
numbers  of  1  to  3,  inclusive,  and  a'  multiplied  fav  the 
valence  of  M  is  equal  tc  26',  with  a  compound  selected 
from  the  class  consisting  of  organic  sulfoncs  and  amides 
of  a  caibo::yiic  acid  in  the  presence  of  a  strong  acid,  con¬ 
tinuing  the  audition  of  said  strong  acid  iav.il  heat  is  no 
longer  evolved,  applying  heat  and  faither  addition  of 
said  strong  acid,  and  isolating  the  resulting  product. 

17.  Process  for  ihe  formation  of  a  compound  selected 
from  the  class  consisting  of 

M[B)0Hf-Z]b  and  BiCHa-2Z 

wherein  M.  is  a  cation  having  a  valence  from  1  to  3;  Z 
is  a  member  of  the  group  consisting  of  organic  sulfides, 
tciliary  phosphines,  tertiary  amines,  amides  of  carboxylic 
acids,  organic  'ulfenes  and  nitriles  ar.d  6  is  equal  to  the 
valence  of  >/l,  which  comprises  treating  a  compound 
selected  from  the  class  consisting  0:  B1DHj-2N2  and 
ami  M(UioIVN3)b  wherein  M  is  a  cation  of  valence  b 
with  a  member  of  the  group  consisting  of  organic  sul¬ 
fides,  tertiary  amines,  tciliary  phosphines,  amides  of  car¬ 
boxylic  acids,  organic  sulfoncs,  and  nitriles, 

IS.  A  process  for  preparing  a  compound  of  the  for¬ 
mula 

M(BI0H3SR-SR2)b 

wherein  M  is  a  cation  having  a  valence  from  1  to  3,  b 
is  equal  to  the  valence  of  M,  and  R  is  an  organic  radical 
bonded  to  the  sulfur  through  earboa  which  comprises 
reading  a  compound  of  the  formula 
BidH6-2SR2 

wherein  R  is  defined  as  above  and  a  compound  selected 
from  the  class  consisting  of  trisubstituted  phosphine  and 
an  alkali  metal  phthalimide  at  1  temperature  of  140°  C. 
to  250“  C. 

19.  Process  for  tire  formation  of 

MlB10Ha-Z]b 

wherein  M  is  a  cation  having  a  valence  from  1  to  3;  Z 
is  a  member  of  the  group  consisting  of  organic  sulfides, 
tertiary  phosphines  end  tertiary  amines  and  6  is  equal  to 
the  valence  of  M,  which  comprises  treating  a  com¬ 
pound  selected  from  fire  class  consisting  of  H2Bj(,Hic, 
Na2B]0Hio,  KjBioHu,  and  (NH4)2B;oHio,  with  a  mem¬ 
ber  of  the  group  consisting  of  organic  sulfoxides,  phos¬ 
phine  oxides  rnd  amine  oxides  in  the  presence  of  a 
strong  acid  vyilhin  a  temperature  range  of  —20’  C.  to 
110°  C.,  and  contacting  the  reaction  mixture  with  a  salt 
containing  the  cation  M. 

20.  Process  for  the  formation  of 

BI0H8-2Z 

wherein  7.  is  a  member  cf  the  group  consisting  of  organic 
sulfides,  tertiary  phosphines  and  teniary  amines,  which 
comprises  treating  a  compound  selected  from  the  class 
consisting  of  Ha3I0Hn,  Na2«.0H.0,  K2BWI{„,  and 
(NK,):d10H10,  with  a  member  of  the  group  consisting 
of  organic  sulfoxides,  phospinc  oxides  and  amine  oxides 
in  the  presence  of  a  strong  acid  within  a  temperature 
range  of  —20’  C.  to  110’  C.,  and  isolating  B10H8-2Z 
from  the  rcaciion  mixture. 

21.  A  compound  of  claim  8  wherein  the  organic  por¬ 
tion  of  the  said  01  panic  sulfide  is  bvdrociirbyl  free  of 
acetylenic  unsatuntici;  and  of  up  to  13  carbon  atoms. 
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This  invention  relates  lo  new  boron  compounds  and 
^  processes  ft*  their  preparation.  More  particula.ly,  H 
relates  to  new  boron  compounds  having  a  plurality  of 
boron  and  hydrogen  atoms  and  to  their  preparation. 

Boron  compounds,  particularly  boron  hydrides,  have 
achieved  technical  importance  in  recent  years.  For  many 
potential  applications  most  boron  compounds,  including 
boron  hydrides,  halides  and  alkyls,  have  been  severely 
limited  by  hydrolytic,  oxidative  and  other  types  of  in¬ 
stability.  'lo  illustrate,  diborane,  chlorodiborane,  penta- 
borane  and  trinlkylboron  compounds  are  spontaneously 
flammable  in  air.  Diborane,  penlaborane(9),  chlorodi¬ 
borane,  boron  trichloride,  iododccaberane(14)  and  most 
other  boron  halides  are  rapidly  hydrolyzed  in  water  or 
alcohol.  Other  classes  of  boron  compounds,  c.g.,  the 
borazoies,  are  hydrolyzed  by  contact  with  water.  Bor- 
azolcs  have  poor  thermal  stability  and  they  show  reducing 
properties  in  chemical  reactions,  e.g.,  borazoies  reduce 
silver  nitrate,  Even  the  niosf  stable  known  boron  hydride, 
i.e.,  decaborane(14)  is  hydrolyzed  at  a  moderate  rate  in 
water.  Known  ionic  boron  hydrides,  e.g.,  tetrahydro- 
boraics  (NaBH4  and  the  like),  arc  similarly  hydrolyzed 
at  a  rapid  rate  at  100"  C. 

This  invention  is  directed  to  a  broad  class  of  boron  com¬ 
pounds  which  have  stability  characteristics  that  are  un¬ 
usual  among  boren  compounds.  The  compounds  of  the 
invention  generally  show  hydrolytic,  oxidative  and  chemi- 
c-t  stabilities  normally  associated  with  aromatic  com¬ 
pounds. 

The  novel  compounds  of  the  invention  consist  of  12 
conjoined  boron  atoms  of  which  at  least  10  and  at  most 
11  are  bonded  to  hydrogen  atoms,  the  compounds  con¬ 
sisting  further  of  at  least  one  and  at  most  two  groups 
whicli  arc  N.N-disubstitutcd  amides  of  carboxylic  acids, 
N.N-disubslilutcd  amides  of  sulfonic  acids,  or  organic 
sulfones,  defined  below  in  greater  detail;  any  remaining 
component  in  said  compounds  being  a  cation,  i.e.,  an  atom 
or  group  of  atoms  which  forms  a  positively  charged  ion 
in  aqueous  solution. 

The  novel  compounds  of  the  invention  are  obtained 
by  beating  dihydrogen  dodccahydrododecaborate(— 2), 
preferably  in  the  form  of  a  hydrate,  with  a  compound 
which  is  an  organic  suifonc,  an  N.N-disubstilutcd  car¬ 
boxylic  amide  or  an  N,N-disubstituted  sulfonamide  de¬ 
fined  below-  in  greater  detail,  to  a  temperature  at  which 
hydrogen  is  released  as  a  by-product,  and,  optionally, 
ccua.ull  -  r.hr  jrx  Jucl  wdh  a  aombn  ;x<n 

tainirn?  a  cation,  i.e.,  a  positively  charged  inn. 

Description  o]  the  new  compounds 

The  polyboron  compounds  of  the  invention  are  repre¬ 
sented  by  the  following  generic  formula: 


Inspection  of  generic  Formula  1  shows  that  the  poly- 
boron  compounds  fall  into  two  broad  groups  which  are 
based  on  the  values  for  n.  For  compounds  where  ;i=l, 
the  ionic  charge  [represented  by  (/i — 2)  J  of  the  group  in 
0  parentheses  becomes  —1  and  the  number  of  cation-form¬ 
ing  groups  (M)  also  becomes  1.  This  subgeneric  group 
is,  therefore,  represented  by  the  following  formula: 

M(Bi2H11iZ)1>  (2) 

10  where  M  and  Z  arc  defined  as  in  Formula  1  and  b  is  equal 
to  tho  Valence  of  M. 

For  compounds  where  n= 2,  the  ionic  charge  of  the 
group  in  parentheses  becomes  zero,  i.e.,  the  boron  entity 
is  electrically  neutral  and  the  number  of  groups  (M) 
15  also  become  zero.  This  subgcneric  group  is  represented 
by  the  follownig  formula: 

BiaHia-2Z  (3) 

where  Z  is  defined  as  in  Formula  1. 

20  The  novel  compounds  of  the  invention  have  in  com¬ 
mon  a  characteristic  boron-containing  component  which 
in  Formula  2  is  the  portion  in  brackets  and  in  Formula 
3  is  the  entire  formula.  The  inventive  feature  of  the 
novel  compounds  lies  in  this  boron-containing  component. 
25  The  common  boron-coiitaiiiinq  unit  contains  12  boron 
atoms  which  are  deemed  to  be  joined  to  form  a  skeleton¬ 
like  unit  or  cage  in  which  each  boron  atom  is  ndjaecnt 
to  at  least  four  other  boron  atoms.  The  manner  in  which 
the  boron  atoms  are  linked  is  net  known  but  the  group 
30  of  which  the  12  boron  atoms  are  a  part  functions  as  a 
unit  in  chemical  reactions.  The  term  “boron  cage”  will  be 
used  in  the  discussions  to  refer  to  the  12  conjoined  boron 
atoms. 

The  ionic  charge,  represented  in  Formula  1  by  (u— 2) 
3r’  on  the.  boron-containing  component  refers  to  a  charge 
which  is  inherent  in  the  boron-hydrogen  cage  structure. 

With  the  above  discussion  in  mind,  it  can  be  seen 
from  formulas  for  the  compounds  of  the  invention  that 
the  boron-containing  group  can  be  electrically  neutral, 
u  i.e.,  it  can  have  an  ionic  charge  of  zero,  as  in  Formula  3, 
or  it  can  have  a  charge  of  —1,  i.e.,  it  can  be  a  monovalent 
anion,  as  in  Formula  2. 

Both  boron-containing  compounds  (neutral  and  mono¬ 
valent  anion)  have  at  least  two  characteristics  in  common, 
‘*5  viz.,  ( I )  the  component  Z  and  the  manner  in  which  it  is 
bonded  to  the  boron-containing  group,  and  (2)  remark¬ 
able  and  unexpected  chemical  behavior  which  resembles 
in  many  respects  the  substitution  reactions  which  aro- 
matic  compounds  undergo,  i.e.,  a  chemical  behavior 
00  which  is  best  described  as  “aromatic." 

The  group  Z,  as  defined  previously,  is  selected  from 
organic  sulfones,  N.N-disubstituted  amides  of  carboxylic 
acids  and  N,N-disnbstituled  amides  of  sulfonic  acids. 
These,  groups  have,  as  a  common  property,  a  structure 
J  containing  an  atom  which  is  capable  of  donating  a  pair 
i,E  Jectrous  to  the  boicn  lo  a  alublc  covalent 
bond. 

The  groups  which  fall  within  the  scope  of  Z  can  be 
represented  by  the  following  formulas: 

o  o  n  o  n 
_  I  / 


oo 


,M(s-n)(BnHi2_a  nZ)bn‘s  (I) 

where  M  is  a  cation,  i.e.,  an  atom  or  group  of  atoms  which 
in  aqueous  solution  can  form  a  positively  charged  ion;  Z 
is  an  organic  sulfone,  an  N,N-disubstituled  amide  of  a 
carboxylic  acid  or  an  N,N-disubstiluted  sulfonamide  de¬ 
fined  below  in  greater  detail;  n  is  1  or  2;  (2— n)  represents 
the  number  of  M  groups  which  are  present  in  the  com¬ 
pound;  (/i— 2)  represents  the  ionic  charge  or  valence  of 
the  group  in  parentheses;  b  has  a  value  of  at  least  one 
and  is  otherwise  equal  to  the  valence  of  M. 


R-S-It,  R-S-N'  ,  R-C-N'  and  II-CN 


O  R 

/ 
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05  where  the  R  groups,  taken  separately,  represent  mono¬ 
valent  hydrocarbon  radicals  which  can  be  alike  or  differ¬ 
ent  and  which  are  bonded  to  the  sulfur  or  nitrogen 
through  carbon;  and  where  two  R  groups,  taken  together, 
represent  a  divalent  organic  radical  in  which  the  terminal 
70  ?*orT>s  arc  carbon,  said  divalent  radical  forming  with  at 
least  one  of  the  elements,  sulfur  and  nitrogen,  in  the  above 
formulas  a  rin^  sif  at  most  six  members. 

The  nature  ot  the  R  groups  is  not  critical  and  these 


groups  can  include  a  wide  scope  of  organic  radicals.  Thus 
K  croups  c;m  he  aliphatic,  cycloaliphatic,  aryl,  aralkyl, 
a  Ik  and,  heterocyclic  or  combinations  tf  these  groups. 

The  R  groups  can  have  chains  consisting  solely  of  carbon 
or  they  can  be  groups  having  oxygen-interrupted  chains.  5 
The  number  of  carbon  atoms  in  each  of  the  R  groups 
is  not  critical. 

Solely  for  reasons  of  availability  of  reactants,  it  is  pre¬ 
ferred  that  the  R  groups  be  nliphatically  saturated  hydro¬ 
carbon  croups  of  up  to  IS  carbons.  In  the  above  de-  10 
'cription,  "nliphatically  saturated"  means  free  of  ethylcnic 
and  acetylenic  carhon-to-carbon  bonds;  the  term  includes 
cat  hoes  die  aromatic  compounds. 

Examples  of  mifoacs  which  are  within  the  scope  of 
KS(0);R  are  as  follows:  dimethyl  sulfone,  diethyl  sill-  55 
fone,  ihoctjl  sulfone,  didodccyl  sulfone,  dioctadecyl  sul¬ 
fone,  iliisobutyl  sulfone,  dxyclohcxyl  sulfone,  di[4-(cyclo- 
he<vl)c>clol,e\yllsulfoi'e,  diphenyl  sulfone,  dinaphthyl 
sulfone,  propjl  phenyl  sulfone,  nnthryl  dcdccyl  sulfone, 
pentamethjenc  sulfone,  3-oxa-pentamcthylene  sulfone,  20 
and  the  like. 

Framples  of  sulfonamides  which  are  within  the  scope 
of  the  formula  KS(0  ).NRj  are  as  follows:  N,N-dimcthyl- 
ctliancsulfonamide,  N.h'-dibutyioctancsulfonamide,  N,N- 
ilioctadecyi-2-ctiiylhe\a:icsi:lfonamide,  N,N-dicyciohexyl-  25 
cyclohcxancsttlfonamide,  N.N-dipropyibenzcnesulfonam- 
iJc,  N.N-ihhut>  Itoiuenesulfonamidc,  N.N-diphenylineth- 
anesulfunamide,  N.N'-<!ielhylnapl)tha!cncsulfonamide,  N, 
N'-di  ( 2-clhylhexj  I  )---phenyibcnzencsulfonamidc,  N-ben- 
zencsulfsnyhnorpholinc,  and  the  like.  30 

1'xamplcs  of  amides  of  carboxylic  acids  which  fall 
within  the  'cope  of  the  formulas  HC(0)NR,  and 
KC(0 INRj  arc  as  follows:  N,N-dimethylformamide,  N, 

N  -  ilicliiylformamide,  N.N  -  dioctylformamide,  N,N-di- 
cyclohexylfermami.lc,  N-mcthyl-N-dodeeylformamide,  N,  35 
N-dimcthj  lacclamide,  N', N’-di isopropylacctamide,  N,N-di« 
(2-ethyihc»yl)propion;uni;!e,  N,N-didcdccylcyc!ohexane- 
carhoxylic  amide,  N.N-illphenyiacelamide,  N-(butyryl) 
morpholine,  M  ■  cihyl-N-oct)!benzamide,  N,N  -  dibenzyl- 
loluamide,  N.N  -  dicyciohexylphcnylacetamide,  N,N-di-  40 
methyistcaramidc,  N-(phcnylacctyl)morphcline,  and  the 
like. 

Description  of  M 

The  compounds  of  Formulas  1  and  2  include  the  group 
M  svhich  is  defined  as  a  cation,  be.,  an  element  or  group  45 
of  elements  which  forms  a  positively  charged  ion  in 
aqueous  solution.  'I  he  group  M  preferably  has  a  valence 
of  at  most  4,  i.e.,  the  valence  of  M  is  1,  2,  3,  or  4.  In  an 
especially  prcferrcsl  form  of  the  invention,  the  valence  of 
M  is  at  most  3,  i.e.,  1,2,  or  3.  50 

The  sole  function  of  M  in  the  compounds  of  Formulas 
1  and  2  is  to  provide  a  group  with  the  necessary  positive 
charge  to  combine  with  the  borort-conlaining  component 
in  the  event  this  component  is  a  monovalent  anion,  as 
described  for  compounds  of  Formula  2.  In  other  words,  55 
the  sole  purpose  of  M  in  the  compounds  is  to  provide  a 
means  for  isolating  the  boron-containing  anion.  The 
properties  of  the  group  M  arc,  therefore,  not  critical  and 
M  represents  a  broad  range  of  dements  or  combinations 
of  elements.  To  illustrate,  M  can  be  hydrogen,  hydronium  CO 
(H.-iOf),  a  metal,  a  mctal-ammine  complex,  ammonium 
(Niy),  hydrazinium  (NH- — NH3+),  N-substituted  am¬ 
monium,  N-substituted  hydrazinium,  S-substituted  suifoni- 
um,  I*-subsiiiutcd  phosphonium,  and  the  like.  To  illus¬ 
trate  further,  M  can  be  lithium,  sodium,  cesium,  beryl-  05 
liutn,  barium,  magnesium,  calcium,  strontium,  lanthanum, 
manganese,  iron,  cobalt,  copper,  zinc,  mercury,  aluminum, 
thallium,  tin,  lead,  silver  or  any  other  metal.  As  further 
illustrations,  M  can  be  R'NH3+,  R'2NH,+,  R'3NH+, 
R'«N+,  (R'NH — NH3)+,  (R'jN— NH3)+,  R'3S+,  R'4P+,  70 

[Zn(NH3)4l++,  [Co{NHj)#]+++,  rCu(NH3)4]++, 

[Cu(NTI.CH;CH3NH3)j]++,  and  the  like.  The  substitu¬ 
ents  represented  by  R'  in  the  above  illustrations  are  or¬ 
ganic  groups  whose  character  or  nature  is  not  a  critical  75 


feature  of  these  cation  groups.  The  substituents  repre¬ 
sented  by  R'  can  be  open-chain  or  closed-chain,  saturated 
or  uuiatUiatcd  or  the  substituents  can  be  composed  of 
heterocyclic  rings  of  which  the  nitrogen  is  a  component, 
c.g.,  pyridine,  quinoline,  morpholine,  hexamcthylenimine, 
and  the  like.  Preferably,  R'  (for  reasons  of  availability 
of  reactants)  is  a  hydrocarbon  group  of  at  most  18 
carbons., 

-  Nomenclature 

No  official  system  of  naming  boron  compounds  has 
been  adopted  at  the  present  time.  The  nomenclature  used 
herein  follows  the  proposals  made  by  a  group  of  the 
Committee  on  Nomenclature  of  the  American  Chemical 
Society  Division  of  Organic  Chemistry.  These  proposals 
are  discussed  in  (1)  a  paper  presented  by  G.  W.  Schaeffer 
at  the  American  Chemical  Society  Meeting,  San  Fran¬ 
cisco,  California,  April  13-18  (1958),  (2)  a  paper  pre¬ 
sented  by  K.  L.  Locning  to  the  Division  of  Chemical  Lit¬ 
erature,  American  Chemical  Society  Meeting,  Chicago, 
Illinois,  September  7-12  (1958),  and  (3)  a  publication 
by  Patterson,  Chemical  Engineering  News  34,  560  (1956). 
The  nomenclature  is  also  in  accordance  with  the  system 
published  in  ‘‘Nomenclature  of  Inorganic  Chemistry — 
1957,”  p.  72,  International  Union  of  Pure  and  Applied 
Chemistry,  Buttcrworths  Scientific  Publications  (Lon¬ 
don),  1959. 

Names  assigned  to  non-ionic  boron  compounds  end  in 
“ane”  with  the  number  of  hydrogens  bonded  to  boron  in 
the  parent  compound  shown  in  parentheses,  e.g.,  BioHit 
is  tetradecahydrodecaboranc(14)  cr,  simply,  decaborane 
(14),  BnHi0-2CH3C(O)N(CH3)2  is  bis(N,N-dimethyl- 
acet:imic!o)uecahydrododecarborane(10)  or,  more  sim¬ 
ply,  bis(N,N  -  dimethyiacelamido)dodecaboranc(lO). 
Names  assigned  to  ionic  boron  compounds  end  in  “ate” 
with  the  valence  of  the  boron-containing  ion  designated 
in  parentheses  by  numeral  and  charge  sign.  Thus, 

NH2NH3B12Hu02S(CH3)2 

is  hydrazinium  dimcthylsulfone-ucdecahydrododecaborate 

(-D. 

The  terms  for  the  captions  “hydrogen"  and  "hydro- 
ilium”  are  employed  herein  as  defined  cn  page  26  of 
“Nomenclature  of  Inorganic  Chemistry — 1957,”  which 
was  referred  *o  earlier. 

Properties  and  characteristics  of  the  new  compounds 

In  physical  properties  the  new  compounds  range  from 
low  melting  products  to  high  melting  salt-likc  materials 
which  are  stable  at  conventional  atmospheric  temper¬ 
atures  and  pressures.  The  products  are  normally  color¬ 
less  or  white  and  they  are  usually  crystalline.  However, 
color  and  other  physical  characteristics  are  determined  to 
some  degree  by  the  components  M  and  Z. 

Many  of  the  compounds  dissolve  to  some  extent  in 
water  or  hydroxylated  solvents,  e.g.,  alcohols,  and  to  a 
more  limited  extent  in  ethers,  e.g.,  tetrahydrofuran.  The 
compounds  fall  into  two  groups  in  their  behavior  in  water. 
The  compounds  of  Formula  2  are  ionic  in  character,  i.e., 
they  behave  like  sails  and  form  ions  in  solution.  The  com¬ 
pounds  of  Formula  3  arc  neutral  and  non-ionic,  i.e.,  they 
are  not  salt-like  in  character  and  they  do  not  form  ions. 
The  ionic  group  of  components  generally  show  greater 
solubility  in  water  than  the  non-ionic  group  of  compounds 
and  this  difference  in  solubility  is  used  to  effect  separa¬ 
tion  and  purification  of  the  groups. 

The  compounds  of  the  invention  are  unusually  stable 
thermally  and  chemically.  They  are  stable,  for  example,  in 
the  presence  of  aqueous  solutions  of  inorganic  acids,  a 
property  which  is  unusual  for  boron  compounds.  The 
compounds  undergo  electrophilic  substitution  reactions  in 
a  manner  resembling  carbocyclic  aromatic  compounds  to 
form  a  wide  range  of  substituted  products.  This  unusual 
behavior  will  be  discussed  more  fully  in  paragraphs  fol¬ 
lowing  the  examples. 

Examples  of  representative  compounds  are  given  be- 
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low  solely  to  illustrate  the  invention  and  they  are  not  to 
be  considered  as  limiting  the  scope  of  operable  com¬ 
pounds: 


B,jTTi»-2HC(0)N(CJI,)i 

JlnHu-2IfC(0)M(C)ll;)i 

JI|!lI|0'2tIC(O)N(OtH|l)l 

Uisirnaiicto.MtCjiijHCtiii) 

]tnirif2!.';iJc(0)N(ciit)i 

BiillwSCirjCtOJNtCiIWi 

lll!tI|«-2C)II;C(0)N(Cl)ll!l)» 

JJul]io-2C.I]|iC(0)N(CiSUi7)i 


Bunn^CinjCtojN'ciijCitjOoiiictii 

Bil!In.2CilI3C(0)N(CIl!)(C\Hj) 

B,!l!,5.2CtIUC(0)N(C(IIi)i 

Uii!Iit.2UiS(CIfi)i 

B|]lIiv20iS(CiI)>)i 

BijII!o'20,S(CiiIIii)i 


BiilIi)20:S-Cir!(C]Is)iCnt 
BjiIIis  20iSvCf!Ij)i 
Bill  Iio'2f>:3(  Cits)  (CoTTt) 
Bi!lIi«2C,I!j30,.M(C.:II:)t 
BuIIi(2C::II:jS(U):N(C|Us)i 

)tijIli3-2CiIIiSOjN  (CsIIj)i 

BiilIiv2C];jC.eIltSOiN'(Ci>nj:)l 


Bii!In2CjTTsS(0);N’CHsCIIj0CIIj0Ui 

J1;:IIi3'2CiuU:SOjN  (C  1Jj)i 


Ulid  the  like.  1  llitl'u.,  examples,  p„TliCillaily  el  CunipuLmla 

of  Formula  2  are  as  follows: 


MBi2Ui|.irCCO)N(OII,)i 

C'sUijll„ltC(0)N(Cilt!)i 

Agllulli|.]IU(0)N<Cjll»)» 


(ciWsSBi!iiu.itc(0)NciiiCir,ocii,ciri 
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and  the  like. 

The  process 


The  compound'-  arc  obtained  by  employing  as  reac¬ 
tants  (1)  dihyd  en  dodeeahydrododecaborate(— 2), 
preferably  in  the  fot..  of  its  hydrates,  i.e., 

(H30)2B,2H12nH20 

where  n  can  have  a  value  up  to  18  or  even  higher,  (2)  a 
sulfone,  an  amide  of  a  carboxylic  acid  or  a  sulfonamide 
which  are  represented  by  the  formulas  RS(0)2R, 


RC(0)NR2 


HC(0)NR2  and  RS(0)2NR2,  wherein  R  is  defined  as 
described  in  a  previous  paragraph  and,  optionally,  (3)  a 
salt  having  the  cation  M.  In  the  operation  of  the  process, 
the  reactant  defined  in  121  appears  in  toto  in  the  final 


release  hydrogen  and,  optionally,  contacting  the  result¬ 
ing  product  with  a  salt  having  a  cation  M,  where  M  is 
defined  as  in  Formula  1. 

As  noted  above,  precursors  of  the  hydrogen  dodeca- 
5  hydrododccaboratef— 2)  can  be  used.  The  precursors  are 
a  strong  mineral  acid,  e.g.,  concentrated  aqueous  solu¬ 
tions  of  HCI,  H3PO«,  and  the  like,  and  a  dodecahydro- 
dodecaberatef— 2)  of  the  formula  Ma(B)2H12)i„  where  M 
is  a  cation  as  defined  in  Formula  1  and  a  and  b  are  the 
10  smallest  positive  whole  numbers  which  satisfy  the  equa¬ 
tion 


a  X  valence  of  M 


The  temperature  to  which  the  reaction  mixture  is 
heated  to  cited  release  of  hydrogen  is  determined  to  some 
extent  by  the  reactivity  and  physical  properties  of  the 
components  and  by  other  conditions  of  operation,  for  ex- 
20  ample,  pressure.  The  point  at  which  onset  of  hydrogen 
evolution  occurs  is  easily  observed  by  the  rapid  formation 
vif  bubbles  of  gas  iii  the  mixture.  In  the  initial  phases  of 
the  reaction,  water  of  hydration  or  adventitious  moisture, 
if  present,  is  removed  after  which  evolution  of  hydrogen 
25  begins.  In  some  instances,  particularly  for  high  boiling 
sulfones  and  sulfonamides,  temperatures  as  low  as  40”  C. 
are  sufficient,  Temperatures  up  to  300”  C.,  or  higher 
can  be  used  if  necessary.  In  general,  a  temperature  be¬ 
tween  about  50”  C.  and  about  250“  C.  is  sufficient  for 
30  satisfactory  operation. 

The  process  can  be  conducted  in  a  batch  or  continuous 
operation.  In  a  batch  process  the  reactants  can  be  mixed 
initially  at  prevailing  atmospheric  temperature,  if  de¬ 
sired,  and  the  mixture  can  be  heated  to  the  temperature 
33  at  which  hydrogen  is  released.  In  a  continuous  process 
the  reactants  can  be  fed  into  a  vessel  at  the  desired  tem¬ 
perature  and  the  reaction  products  can  be  removed  con¬ 
tinuously.  The  manner  of  operation,  whether  batch  or 
continuous,  is  not  a  critical  factor  in  the  process. 

'i0  The  process  can  be  operated  at  atmospheric  pressure 
or  at  pressures  which  arc  higher  or  lower  than  atmos¬ 
pheric.  Pressure  can  be  used  as  a  means  of  maintaining 
relatively  low  boiling  reactants  in  mutual  contact  within 
the  reaction  zone,  particularly  when  the  rate  of  reaction 
45  is  slow  and  a  high  temperature  is  desirable  to  effect  re¬ 
lease  of  hydrogen  at  a  practical  rate.  Pressures  below 
atmospheric  can  be  employed  when  the  reactants  arc 
high  boiling  and,  consequently,  do  not  volatilize  at  the 
low  pressures.  Atmospheric  pressure  is  most  conveniently 
50  employed  for  reactants  which  boil  sufficiently  high  to 
remain  in  the  reaction  zone  at  the  temperature  of  oper¬ 
ation.  Thus,  the  pressure  at  which  the  process  is  operated 
is  a  matter  of  convenience,  based  principally  on  the  boil¬ 
ing  points  and  volatility  of  the  reactants.  Pressure  is  not 
55  a  critical  factor  in  the  process. 

The  mechanism  of  the  reaction  is  not  clearly  estab¬ 
lished  but  it  is  evident  from  an  inspection  of  the  formulas 
of  the  reactants  and  the  final  products  that  one  mole  of 
hyii  i4qea  h  slnwil  pcf  uuile  cJ  Fywtlja  irM  in  tiL-data 


product  as  component  Z,  and  the  discussion  given  earlier  GO  the  compounds  of  Formula  2  and  two  moles  of  hydrogen 


for  the  Z  groups  applies  in  full  to  these  reactants. 

The  dodccahydrododecaboratef— 2)  reactant  can  be 
prepared  in  situ,  if  desired,  from  a  strong  inorganic  acid 
and  a  salt  of  the  dodecahydrododccaboratef— 2)  anion. 


are  released  per  mole  of  H2B12HJ2  acid  to  obtain  com¬ 
pounds  of  Formula  3. 

The  mole  ratio  in  which  the  reactants  are  used  is  not 
critical.  Preferably,  for  maximum  yield  of  desired  prod- 


The  dodecahydrododecaboratef— 2)  salts  or  the  free  acid  05  ucts,  the  ratio  of  moles  of  Z  compound  to  moles  of 


arc  not  readily  available  compounds  and  their  preparation 
is  described  later  in  the  examples. 

The  sulfones,  amides  or  carboxylic  acids  and  sulfon¬ 
amides  are  well  known  and  usually  readily  available  ma- 


dodccahydrododeca borate  compound  is  at  least  1  and  it 
can  be  as  high  as  10  or  even  higher.  In  an  especially 
preferred  method  of  operation  to  obtain  compounds  of 
both  Formulas  2  and  3,  the  mole  ratio  defined  above  is 


terials.  In  the  event  they  are  not  obtainable  directly,  the  70  at  least  2,  i.e.,  it  is  preferable  to  use  an  excess  of  the 


reactants  can  be  prepared  by  conventional  methods  of 
organic  chemistry. 

The  process  is  performed  most  conveniently  and  simply 
by  contacting  the  boron-containing  acid  (or  its  precur- 


Z  reactant  to  assure  maximum  utilization  of  the  boron- 
containing  reactant. 

In  the  operation  of  the  process,  a  reaction  vessel  is 
used  whose  inner  surfaces  are  made  of  corrosion-resistant 


sors)  and  the  Z  reactant  at  a  temperature  sufficient  to  75  material,  i.e.,  commercially  available  stainless  steels,  jdat- 
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inum,  glass,  and  the  like.  Convcnlional  vessels  or  pressure- 
resistant  vessels  can  be  employed. 

The  order  in  which  the  reactants  are  charged  into  (he 
reaction  vessel  is  not  critical.  Pressure  in  the  vessel  can 
be  reduced  to  a  low  value,  if  desired,  by  convcnlional  fi 
methods  and  heating  of  the  reactants  can  be  accomplished 
by  any  suitable  means. 

Mixing  of  the  reactants  during  the  operation  of  the 
process  is  desirable  although  not  essential.  Mixing  can 
be  accomplished  by  any  suitable  means,  e.g.,  by  median-  jq 
ical  stirring,  shaking,  and  the  like. 

The  time  for  completion  of  the  reaction  is  not  critical. 

In  a  batch  process  the  time  will  generally  lie  between 
about  15  minutes  and  about  50  hours.  In  general,  a  re¬ 
action  time  of  about  1-25  hours  is  sufficient  for  a  batch  IS 
operation.  For  a  continuous  process,  much  shorter  re¬ 
action  times  can  be  used  and  unrep.cted  components  can 
be  recirculated  for  further  exposure  in  ihe  reaction  zone. 

In  an  optional  method  of  operation  of  the  process, 
the  reaction  can  bo  conducted  in  the  presence  of  an  inert  20 
solvent,  i.e.,  a  liquid  which  is  not  decomposed  under  the 
conditions  of  the  reaction  by  the  components  of  the  pioc- 
css  or  by  the  products  whicli  are  obtained.  In  many 
cases  the  Z  component  is  a  liquid  at  the  temperature  of 
the  reaction  and  it  can  serve  both  as  a  solvent  and  re-  25 
actant.  The  use  of  a  solvent  is  not  essential  for  oper¬ 
ability  and  its  use  is  based  solely  on  convenience  of  oper¬ 
ation.  Solvents,  in  the  event  they  arc  employed,  are  pref¬ 
erably  liquids  at  the  operating  temperatures  and  they  are, 
in  most  cases,  liquids  at  prevailing  atmospheric  tempera-  SO 
turcs.  Hydrocarbons  are  particularly  useful  as  solvents 
for  processes  operating  at  atmospheric  pressure,  e.g.,  tolu¬ 
ene,  dodccane,  and  the  like. 

In  the  operation  of  the  process,  suitable  provision 
should  be  made  for  disposition  of  the  volatile  by-products  35 
in  view  of  their  possible  flammability  or  toxicity. 

The  crude  product  which  remains  in  the  reaction  vessel 
after  removal  of  volatile  by-products  is  usually  a  syrup 
or  pasty  mass.  It  is  processed  by  mixing  with  a  hydrox- 
ylated  compound,  e.g.,  water,  alcohol,  and  the  like. 
Water  is  the  preferred  medium  for  processing  the  crude 
product.  The  non-ionic  compounds  of  Formula  3  usually 
precipitate  at  this  stage  and  they  are  separated  by  appro¬ 
priate  means,  e.g.,  decantation  or  filtration. 

The  liquid  portion  remaining  after  separation  of  the  45 
non-ionic  compound  contains  the  ionic  products  of  For¬ 
mula  2.  These  products  are  isolated  by  contacting  the 
solution  with  a  salt  having  a  cation  M  which  forms  a 
compound  of  Formula  1  of  low  solubility,  e.g.,  a  cesium 
salt  or  a  tetraflowcr  alkyl) ammonium  salt.  These  salts  50 
can  be  used  as  intermediate  products  for  the  preparation 
of  a  wide  range  of  compounds  of  Formula  2  as  described 
in  the  following  paragraphs. 

Mctallielic  reactions 

55 

Compounds  of  Formula  2  wherein  M  covers  a  wide 
range  of  cations  are  obtained  by  simple  mctathetic  re¬ 
actions  employing,  e.g.,  the  cesium  or  tetraalkylammo- 
nium  salts  which  are  readily  obtained  by  the  processes 
described  earlier.  To  illustrate,  an  aqueous  solution  of  a  CO 
compound  of  Formula  2  where  M  is  Cs  is  contacted  with 
a  strong  acid  or  with  a  strongly  acidic  ion-exchange  resin 
to  obtain  the  free  acid,  i.e.,  a  compound  of  Formula  2 
in  which  M  is  hydrogen  or  hydrom'um.  The  acid,  gen¬ 
erally  in  solution,  is  reacted  with  oxides  of  metals,  hy-  65 
droxidcs  of  metals,  salts  of  metals  (both  organic  and  in¬ 
organic),  nitrogen  bases,  sulfonium  hydroxides  or  halides, 
phosphonium  hydroxides  or  halides,  aryldiazonium  hy¬ 
droxides  or  halides  and  similar  types  of  compounds  to 
obtain  compounds  of  Formula  2  which  have  the  desired  70 
cation  M.  In  a  process  employing  an  ion-exchange  resin, 
strongly  acidic  resins  of  the  crosslinked  polystyrene- 
sulfonic  acid  variety  arc  preferred  because  of  availability 
of  these  resins  in  commercial  markets.  The  acid,  so 
obtained  in  aqueous  solution,  can  be  reacted  with  nitrates*  5# 
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chlorides,  bromides,  acetates,  benzoates  and  similar  salts 
of  metals  or  other  bases  to  obtain  salts  of  Formula  2. 

Compounds  of  Formula  2  where  M  is  an  alkali  or  alka¬ 
line  earth  rnetal,  e.g.,  Li,  Na,  K,  Cs,  Ca,  Ea,  Mg  and  Sr  are 
especially  useful  in  simple  mcfnlbr'lin  reactions  with  CllW 
salts  to  effect  an  exchange  of  cations.  Thus,  NaB12Hn-Z, 
where  Z  is  defined  us  Formula  1  or  2,  can  be  reacted  in 
appropriate  solvents  with  ammonium  sulfate,  benzenedi- 
azonium  hydroxide,  pyridinium  chloride,  morpholinium 
sulfate,  po!y(ethyIenimine)hydrochlcride,  and  the  like  to 
form  com  ponds  of  Formula  2  having  ammonium,  ben- 
zenediazonium,  pyridinium,  morpholinium,  poly  (cthylcni- 
minium),  and  the  like  cations.  These  illustrations  are  not 
limiting  and  they  demonstrate  the  breadth  of  mctathetic 
reactions  which  can  be  used. 

Compounds  of  the  invention  wherein  M  is  a  hydrogen 
ion  are  usually  obtained  as  hydrates  wherein  the  water  is 
bound  most  closely  with  the  proton  to  form  hydroniunt 
ions. 

Compounds  of  the  invention  in  which  the  group  M  is  a 
metal,  particularly  a  transition  metal,  or  a  Werner-type 
complex  also  frequently  contain  solvent  of  crystallization 
when  isolated  by  conventional  methods.  The  solvent  can  be 
bound  loosely  in  the  lattices  of  the  crystals  or  it  can  be 
associated  by  stronger  bonds  with  the  metal  cation  or 
Werner-type  complex  cation.  Solvent  of  crystallization, 
■e.g.,  water,  entrapped  in  crystal  laticcs,  is  removed  easily 
by  well  known  procedures,  e.g.,  by  heating  under  reduced 
pressure.  Solvent  of  crystallization  which  is  associated  with 
the  cation  is  more  difficult  to  remove,  and  for  most  applica¬ 
tions,  it  is  not  necessary  to  remove  completely  this  type  of 
bound  solvent. 

The  products  of  the  invention  and  processes  for  obtain¬ 
ing  them  arc  illustrated  in  the  following  examples.  Infra¬ 
red  absorption  spectra  are  determined  on  mulls  of  the  com¬ 
pounds  in  mineral  oil. 

EXAMPLE  A 

A.  A  pressure  vessel  (capacity,  400  nil.)  is  charged  with 
19.0  g.  of  N.1BH4  and  75  ml.  of  dry  tricthylamine.  The 
vessel  is  cooled  in  a  solid  carbon  dioxide-acetone  bath  and 
the  internal  pressure  is  reduced  to  less  than  1.0  mm.  pres¬ 
sure  by  means  of  a  vacuum  pump.  Diborane  (36.0  g.)  is 
introduced  into  the  vessel  which  is  then  closed.  The  mix¬ 
ture  is  heated  with  agitation  for  10  hours  at  180”  C.  After 
cooling  the  vessel  and  venting  to  remove  volatile  products, 
there  remains  a  solid  residue  which  is  washed  from  the 
vessel  with  glyme  ( 1,2-dimelhoxyethane).  The  solid  is  sep¬ 
arated  by  fiUrniicn  and  it  is  again  washed  with  glyme.  The 
washed  solid  is  dissolved  in  hot  telrahydrofuran  and  the 
solution  is  filtered  to  remove  a  small  quantity  of  insoluble 
product.  The  filtrate  is  heated  to  boiling  and  glyme  is 
added  slowly  until  solid  material  begins  to  separate.  The 
mixture  is  chilled  ar.d  it  is  then  filtered  to  separate  the 
white  crystals.  These  crystals  are  washed  with  glyme  and 
dried  at  less  than  0.001  mm.  pressure  at  90-100"  C.  to 
yield  43.9  g.  of  Na2BI2H12  containing  giyme  and  water  of 
solvation.  Further  treatment  of  the  filtrate  yields  an  addi¬ 
tional  5.4  g.  of  the  product. 

The  compounds  can  be  obtained  as  its  hydrate  free  of 
ether  of  solvation  by  dissolving  the  product  in  water  and 
evaporating  the  solution  to  dryness.  The  product  so  ob¬ 
tained  has  the  formula  Na-B^Hu-HjO. 

EXAMPLE  B 

An  aqueous  solution  containing  0.43  g.  of 
Na2Bi2H12-H20 

is  passed  through  a  0.5"  diameter  chromatography  column 
containing  80  ml.  of  an  acid  ion-exchange  resin  of  the 
crosslinked  polystyrencsulfonic  acid  type.  The  strongly 
acid  effluent  front  the  column  is  evaporated  to  remove  all 
materials  volatile  at  less  than  0.001  mm.  at  45"  C.  There 
remains  0.38  g.  of  a  white,  crystalline,  very  hygroscopic 
solid  which  is  a  hydrate  of  dihydrogea  dodecahydrodo- 
decaboratel  — 2). 
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EXAMPLE  1 


(A)  A  mixture  is  prepared  consisting  of  20  g.  of  the 
diliydiatc  of  Nx-BuII,;,  150  ml.  of  N-mcthyl-2-pyrroIi- 
done  ami  25  ml.  of  concentrated  hydrochloric  acid.  The 
mixture  is  stirred  and  filtered  to  remove  insoluble  ma-  ® 
terial.  The  clear  filtrate  is  charged  into  a  distillation  unit 
and  it  is  heated  to  boiling  with  removal  of  volatile  ma¬ 
terial  until  the  liquid  temperature  reaches  207°  C.  The 
solution  is  rcilu.xcd  at  this  tempeiaturc  for  about  2  hours. 

It  is  cooled  to  atmospheric  temperature  and  poured  into  JO 
hOO  ml.  of  water.  The  solid  product  which  forms  is  sepa¬ 
rated  by  filtration  to  obtain  5.3  g.  of  crude 


filtration,  me  product  is  crystallized  from  water  to  obtain 
5.7  g.  of 


csb  „n„-c  ii, n  c  (0)cn,cu,c  n, 
Analysis. — Caic’d  for 


niiH.,‘.’Cit;NC(o,'cn,cn..cii, 


'1  he  filtr.Ve  is  set  aside  tor  further  work  and  it  is  designated 
ns.SoJwicn  A.  The  compound  is  dissolved  in  100  ml.  of 
(  MjCN  am!  the  solution  is  filtered  into  -ICO  ml.  of  ethanol. 
I  ho  precipitate  is  isolated  and  dried  under  reduced  pres- 


The  ultraviolet  spectrum  of  the  compound  in  acetoni¬ 
trile  solution  shows  maximum  absorption  at  219m« 
(«« 15.000). 


Anal. — Caleb]  for 


Hiiit»:ctt,N(.,(0)CHiCiij?:ir> 


B.  38.4;  C,  35.5;  N,  3.3.  Found:  B,  37.20;  C,  35.50;  N, 
8.27. 

An  aqueous  solution  of  (CsII5)«NOH  is  added  to  solu¬ 
tion  A.  obtained  above,  and 


CsBi!lI„-Cn,KCfO)CIIjCH,Cft 

Cs,  35.6;  B,  34,8;  C,  16.1;  H,  5.4;  N,  3.8.  Found:  Cs,  32.6; 
B,  34.4;  C.  15.3;  H,  5.8;  N,  3.9. 

The  process  of  Example  1  is  generic  to  the  preparation 
of  compounds  of  Formula  1  where  Z  is  an  amide  of  a 
carboxylic  acid.  The  process,  as  illustrated,  employs  a 
salt  of  Bi;Hn-2  anion  in  the  presence  of  a  strong  mineral 
acid  to  prepare  the  dodecahydroclodecafcorie  acid  in  situ. 
The  acid  cr  its  hydrates,  e  g.  (M30):Bi;H-lS-nH20,  where 
n  generally  has  a  value  of  4—  IS,  can  be  employed  directly. 
To  illustrate,  the  hydrated  boron-containing  acid  is  re¬ 
acted  with  C;f3C(0)N(CK3)2  to  obtain 

B12II10-2CK3C(O)N(CH3)2 
and,  further  with  NH-OH  to  obtain 

N  II,B ,  -H, ,  •  C  HjC  ( O )  N  (CH3 )  2 

Na»B|jHjj  for  any  alkali  metal  salt  of  B1SH12-3)  is  re¬ 
acted  with  QH5C(0)N(CVH,;)2,  in  the  presence  of  HCI 
to  obtain  B;;Hio-2C(:H5C(0)N(C6H17)2,  and  further  with 
(CH3)3SOH  to  obtain 

(CK3)3SB12Hn-CsH5C(0)N(CsH17)2 

and  (NH-):3;2H12  is  reacted  with 


(C,ito,\n,;ii„  CH,.NCiO)citjCii,cn, 


C:II,C  (0).\  CUjC  U,OCII,C  II, 
in  the  presence  of  KC1  to  obtain 


precipitates.  It  is  separated  and  purified  by  crystallization 
from  hot  water. 

(B)  A  reaction  vessel  is  charged  with  the  dihydrate  of 
NaJV.Hij,  N  mcthyI-2-pyrrolidone  and  concentrated  hy¬ 
drochloric  acid.  The  mixture  is  filtered  and  the  filtrate  is 
refluxed  fur  2  hours  at  210°  C.  and  it  is  then  poured  into 
water.  A  white  precipitate  forms  which  is  separated  by 
filtration,  washed  and  dried.  The  product  is  bis(N-melhyI- 
2-pyrroIidonc)dccahydrododecaboranc(10),  i.e.,  a  com¬ 
pound  of  the  formula 


3;,H,o."C,nsC  (O)  N  C  B;ClI,OCn,(iH, 
and  further  with  tiibutylamir.c  to  obtain 


(C.Hi!,NTIIB„IT|i  C,II:C(0)&CH,CII,OCII,CII, 

40  and  (NH,J;3,2H,2  is  reacted  with  HC(0)N(CH3)2,  pref¬ 
erably  underpressure,  to  obtain  B,sH!0-2IIC(O)N(CH3)2 
and  further  with  (CH,)«NCI  to  obtain 

(CH3)*NB,s!!u-HC(0)N(CH3)2 


n„ti„:(cir,N-c(0)cir,cnjtir,; 


EXAMPLE  2 


The  identity  of  the  compound  is  confirmed  by  its  infrared 
absorption  spcct-um. 

The  filtrate  from  the  above  reaction  mixture  is  separated 
into  two  portions.  To  one  portion  an  aqueous  solution  of 
(CH,),NCI  is  added  with  stirring.  The  precipitate  which 
forms  is  separated,  washed  and  dried  to  yield 


(c  iti)<x  DjiifipC  ii,n  c  (O)  cii,ciii6iii 


as  a  while  crystalline  product. 

To  the  second  portion  of  the  filtrate  an  aqueous  solution 
cf  (CjHs)«NOH  is  added  with  stirring.  The  white  precipi¬ 
tate  which  forms  is  separated,  washed  and  dried  to  yield 


(C,U>) ,N  Biilfi,  C  lljN C  (O)  C II,C II, C  IT, 


The  identity  of  the  tctraalkylammonium  salts  is  con¬ 
firmed  by  their  infrared  absorption  spectra. 

(C)  A  mixture  is  prepared  which  consists  of  20  g.  of 
Na2BiiH12-2H20,  200  ml.  of  N-methyl-2-pyrrolidone  and 
25  ml.  of  concentrated  aqueous  hydrochloric  acid.  The 
mixture  is  filtered  to  remove  NaCI  and  the  filtrate  is  healed 
to  boiling  to  remove  water  until  the  pot  temperature  is 
180*  C.  The  mixture  is  refluxed  for  3  hours  at  180*  C., 
cooled  and  allowed  to  stand  about  20  hours.  It  is  then 
poured  into  GOO  ml.  of  C-HjOH  and  the  solution  which 
forms  is  added  to  a  solution  of  15  g.  of  CsOH  in  200  ml. 
til  A  ptcdpftafe  I  ms  and  it  is  scpstaicJ  ty 


(A)  A  reaction  vessel  is  charged  with  1.6  g.  of  a  hy¬ 
drate  of  dihydrogen  dodecahydrodecaboratc  of  the  ap¬ 
proximate  composition  (H30)jB,2HI2-5K20,  and  18  g.  of 
g0  tctrahydrclhiophcne- ! ,  1  -dioxide.  The  mixture  is  stirred  to 
form  a  clear  solution.  3  he  reaction  vessel  is  then  con¬ 
nected  to  a  vacuum  pump  and  pressure  in  the  vessel  is 
reduced  to  a  very  low  value  (less  than  1.0  mm.  of  Hg). 
Tile  solution,  at  prevailing  atmospheric  temperature 
65  (about  25*  C.),  gradually  evaporates  with  removal  at 
first  of  water  vapor.  Removal  of  water  from  the  solution 
is  followed  by  observing  the  intensity  of  the  infrared  ab¬ 
sorption  band  for  water  (2.8u)  on  an  aliquot  portion  of 
the  reaction  mixture.  As  evaporation  proceeds,  the  in- 
00  tensity  of  absorption  at  2.8/x  becomes  very  weak  and  the 
solution  begins  to  evolve  hydrogen.  Evaporation  under 
reduced  pressure  at  atmospheric  temperature  is  continued 
until  evolution  of  hydrogen  subsides.  The  clear  residue  is 
dissolved  in  about  100  ml.  of  water  to  form  a  clear  solu- 
05  tion  which  is  divided  into  two  portions,  each  of  which  are, 
of  course,  acidic.  One  portion  is  neutralized  with  a  con¬ 
centrated  aqueous  solution  of  CsOH  and  the  second  por¬ 
tion  is  neutralized  with  an  aqueous  solution  of 

’(CHj^NOH 

70  In  each  case  a  precipitate  forms  which  is  separated  by  fil¬ 
tration,  washed  and  recrystallized  from  boiling  water. 
The  products  are  compounds  of  the  formulas 


CsB„ITlt.O,SCIIiC  HiCHjCIT, 


3,328,422 


«  HiClIiCIli 

Hioulcmitos  of  the  compounds  are  confirmed  by  elc- 
uciii,i|  analyses  ami  by  their  infrared  absorption  spectra. 

.  Ir./.y.'ij.  (. Ic  d  for  the  Cs  salt:  Cs,  33.7;  13  32  9S1 
C,  I 2;  II,  -I. Sfi;  S.  S  14.  Fmiiul-  fj,  3??-  B  3'*  C4  C* 
1 1.02;  H.  5.05;  S,  8.3*.  '  C* 

f°r  ,he  <CH*><N  saI“  N.  4.18;  8, 
Ij” (  -  " '  05,  H,  9.33;  S,  9.56.  Found:  N,  4.14-  B 
C  :9.25;  H.  9.45;  S,  9.56.  ’ 

T!,e  infrared  absorption  spectrum  of  the  Cs  salt  shows 
..  ro,  3  :,h'oret:on  at  4.l„  (li-II  stretch)  and  weaker  ab- 
■  f’rp.iu/i  iit  7.7,  ,.8,  7.95,  8.1  89  91  9  1  a  c  Q7^  oq 
1  [,{): 1  1 1.9.  ar.a  13.25^/  *  *  f  ’  1  ,9, 

I  ho  1:1  Ira  red  absorption  spectrum  of  the  tctramethyl- 
..mmnnu,M  salt  snows  absorption  at  all  of  the  above  bands 

\l)J. ^’T'amVi.lV*11’  111  R,'t,,,lion’  shoWS  absorPtion  at 
(8)  A  quantity  (y.il  t.,)  0f 

<Mi.:ii„..),icii,ciiiCir,cni 

:s  dt.sohcd  in  sufficient  hot  water  to  form  a  clear  solution 
wms  i  ,s  pawd  thuaph  a  column  filled  with  a  commer- 
.i'iK s.si rJ;'.'in  of  ll,c  crosslinked  polystyrene- 
"  "7  cfiiuent  is  a  solution  cf 

in.  fttc  avid,  icpiescntcd  in  its  hydronium  form  as 

(i!io)n„it„.o,iici[,ciiiCUj6ii, 
or,  alternatively,  as  a  hydrate  of 

1 1  n«i  in-  0,5c  it,cii,cir,c  rr, 

The  a.pteout  efih.cnt  i,  titialed  to  a  pH  value  of  7  with  a 
■'  *  •“('ioons  solution  of  sodium  hydroxide  to  obtain  an  , 
aqueous  solution  of  1 

■hi1hiO:S(.H,CH,CII:6Hi 

The  equivalent  weight  of  the  salt  employed  as  the  initial 
tcactant,  t.e,, 

4 

r  i  n  id  h|0,  SClfhcThCHiS  H, 

is  thus  determined  to  be  393  (calc’d  value,  393). 

The  free  aetd  can  be  isolated  in  crystalline  form  by 
evaporation  of  the  aqueous  effluent,  obtained  above,  under  - 
reduce J  pressure.  It  is  obtained  preferably  as  a  hydrate 
m  winch  the  number  of  moles  of  water  is  determined  to 
a  large  extent  by  the  duration  and  intensity  of  the  drying 
period.  For  most  purposes  the  acid  is  handled  conven¬ 
iently  m  aqueous  solution.  51 

The  sodium  salt,  i.e., 

n»  n„  1  r  „.  0,  scJIbcthciTiC  n, 

can  also  be  isolated  by  evaporation  of  its  aqueous  solu-  R, 
tion.  It  can  be  obtained  as  a  white  crystalline  compound, 
nsuafly  rvir-i  WMW  u(  ?,ydrat;t,n. 

EXAMPLE  3 

A  reaction  vcsnl  is  chared  with  1.2  g.  of  a  Iterate  of  „„ 
dihydrogen  dodocaliydrododecaborate  of  the  approximate  00 
composition  (If30)2Bl:Hl2-5H20,  and  14.3  g  of  tetra- 
hydrolhiophene- 1 , 1  -dioxide,  i.e., 

0,5011,011,0  u,  ch, 

The  reaction  vessel  is  connected  to  a  vacuum  pump  and  63 

fo  mm  '7?  V7e‘  iS/CdllCed  t0  a  °fPIcssPthan 

1.0  mm.  of  Hg.  T  he  solution  gradually  evaporates  and 
7'?  Is  rc!e“ed  from  the  ntixiure  is  re- 
mo.  cd.'  T  ,e  cx  cnt  of  removal  of  water  is  estimated  by  70 
Periodic  inspection  of  the  infrared  absorption  spectrum  of 

nfctf ‘hv-m  r.emoval  of  water  is  substantially  com¬ 
plete,  hjurogen  begins  to  evolve  from  the  solution  The 
evaporation  procedure  is  maintained  at  atmospheric 
Pvfw.  r t  t JulJJ  cvctnticn  ot  nydrogea  subsides.  The  mix-  75 


A  M 

ture,  still  under  reduced  pressure,  is  warmed  to  95-100* 
C.  and  a  further  quantity  of  hydrogen  is  evolved.  After 
etc-  hydrogen  evolution  at  this  temperature  subsides  the  re- 
Ira.  action  mixture  is  cooled  to  atmospheric  temperature. 
95;  6  The  mixture  is  diluted  with  water,  an  oil  separates,  and 

C,  1  w  a&5od-  T5‘*  o!l  Vo  a  crystalline  mass 

which  is  separated  by  filtration.  Tlie  product  is  recrystal- 
B,  lized  fpom  aqueous  acetone  to  obtain  bisfletrahvdrothio 
B,  phene- 1 , 1  -  dioxide )  dec^hydrododecafcorane  ( 10)"  contain- 

10  mg  acetone  as  solvent  cf  crystallization.  The  identity  of 
>ws  ,  0  Pr°ciuct  is  confirmed  by  its  infrared  absorption  spec- 
jh-  *rum  anfl  by  elemental  analysis. 
i_9  Analysis. — Calc’d  for 

yl„  25  BisTrif2a,SCH-CHjCHsCir,.2Ji3(Cnj)iCO 

lds  b  31  '7 r  H’  722;  S*  ,5-32-  Found: 

al  a,  J  1.28,  C,  2S.40;  H,  7.37;  S,  15.37. 

The  infrared  spectrum  of  the  compound  shows  absorp- 

ort  4  2  n  e  follo’™S  wa\e!engths  (expressed  as  microns)* 

EXAMPLE  4 

:r-  JhtTCudHre,  °f  RExam~!e  2  is  f°il°'vcd  employing  1.3 
e-  25  S-  ^  ‘he  hydrate  of  diliy^rogen  dodccahydrododecaboratc 
cf  .6  s-,  of.d‘(n-propyi)  sulfone;  i.e.,  (C3H,)2SOo.  The 

products  obtained  are  C:.Bi2H„-02S(C3H,)2  and  ‘ 

(C  H3 )  4N3:2Hj  j  •  02S  (C3H7)  2 

30  l7n-!M,ToTCcal^/0^lhs  Cs  sa!t:  C*  31-3;  B.  30.6;  C, 
g9d:5S9-  7-56-  Fc'Jnd:  C.  30.0;  B,  30.7;  C,  17.25; 

35l-r  t^Ta,C,’7f°o  '.7  (CH^N  snlt:  N,  3.84;  B, 

.*  „  *”**■***.»■■>* 

The  infrared  absorption  spectrum  of  the  cesium  salt 

77a7rPtl°a  at  the  folIow'ng  principal  wavelengths 
(expressed  as  microns):  4.0,  7.6,  7.8,  8.05,  8  4  9  3  9  4 

lI  s9i'm-|9'8:  \°'25’<  1lS>  and  1 3'9,  ThB  (CH3>rN  salt  shows  a 
40  similar  infrarcd  absorption  spectrum  and,  further,  includes 
absorption  at  a  wavelength  of  10.5. 

nrZ^rn?'r°CeSf  °f  Exan'T!es  2<  3  and  4  is  generic  to  the 
preparation  of  compounds  of  Formula  (1)  in  which  Z 

hvdrn4  fre'J°  illus,ra:,:-  hydrated  dihydrogen  dodeca- 
1  45  bydrododccab.0rate  can  be  reacted  with  (1)  diethyl  sul- 

'  Nani  °,  0blam-  B>aH>o-OeS(C2H5)2  and,  further;  with 
5  NaOH  to  obtain  NaB.2Hn-OjS(C2K.)2>  (2)  ditolyl  sul- 
,  fone  to  obtain  B,2HI0. 20:S(C6H4CH3):,  and,  further,  with 
!  !  lT,t0  NHeNH3Bl:Hn.02S(C6HiCH3)2.  (3) 

'  50  WI  ^  c  cyclohexyl  sulfone  to  obtain 

B12HIO-20rS(C2H5)(C6H„) 
and,  further,  with  (CH3):NNH2  to  obtain 

(CHjJjNNHaBjiHn-OjSfCjHjJfCcH,,) 

65  and  (4)  butyl  naphthyl  sulfone  to  obtain 
Bi2H10-20..-s(CtH9)  (CjoH,) 
and,  further,  with  Zn(NH2)*Cl2  to  obtain 
flo  Zn(Nli3)4tBI2H.l.o2S(O4Ha)(C10H7)]2 
EXAMPLE  5 

,.,A  .reaction,  VCSSffl  is  charged  with  10.4  g.  of  hydrated 
dihydrogen  dodecahydrododecaborate  and  33  g.  of  N.N- 
dicthyl-l-hexanesulfonamide.  The  vessel  is  connected  to 
55  a  vacuum  pump  and  pressure  in  the  vessel  is  reduced  to 
a  low  value  (less  than  1  mm.  of  Hg).  Water  is  released 
trom  the  mixture  and  it  is  removed  by  evaporation.  The 
acid  dissolves  during  this  step  to  form  a  clear  solution. 

*n  45®  c°mP°Rants  of  ‘he  mixture  can  be  stirred,  if  desired. 

70  The  clear  solution  is  healed  to  40°  C.,  evolution  of  hy- 
drogen  begins  and  the  mixture  is  maintained  at  40*  C 

w?u  iJraS  <evoIat!on  subsides.  The  mixture  at  this  point 
will  be  referred  to  as  Solution  A. 

7.  \5-3  £  J  tf  Soluiion  A  is  added  to  about  20 

75  ml.  of  ethyl  alcohol  and  a  sufficient  quantity  of  an  aque- 


•  «■ 


3,328,423 


ous  solution  of  (CH3)4NOH  is  added  to  make  the  mix- 
tuie  basic.  About  20  ml.  of  water  is  added  to  the  reac¬ 
tion  mixture  and  a  white  precipitate  forms.  The  product 
is  separated  by  filtration,  washed  and  recrystallized  front 
water  to  obtain  tetramcthylammonium  (N,N-dicthyl-l- 
hcxancsiiifonamidc)undecahydrododecaboratc( — 1 ).  The 
identity  of  the  compound  is  confirmed  by  its  infrared 
absorption  spectrum  and  by  elemental  analysis. 

Analysis. — Calc’d  for 


of  fireworks  compositions  to  impart  a  pleasing  color  and 
sparkle  to  the  display. 

The  comnounds  of  the  invention  nrr  ccrricolly  uteCwl 
as  impregnating  agents  for  cellulosic  "products  in  the 
preparation  of  resistors.  To  illustrate,  lengths  of  cotton 
string  arc  immersed  in  (1)  a  nearly  saturated  acetone 
solution  of 


(CH3 )  4NB12HU  •  C6Hi:S02N  (C2H5 )  3 

B,  29.8;  N,  6.43;  S,  7.35;  C,  3S.6;  H,  10.7.  Found,  B, 
29.73;  N,  6.3S;  S,  7.27;  C,  38.39;  H,  10.57. 

A  second  5.8  g.  portion  of  Solution  A  is  reacted  with  an 


-  Bi8n,o-20iSCirjCJIiCHiCIIi 
10  and  (2)  an  aqueous  acetone  solution  of 

(CH3)4NB12Ha-C6HI2S02N(C2H5)j 


The  lengths  of  string  are  withdrawn  from  the  solutions 
and  solvents  are  removed  by  air-drying.  A  free  flame  is 


aqueous  solution  of  CsOH  and  the  rcsultin“so  rt;«n  V  /  "  arc  JT°ved  b>"  air-drying.  A  free  flame  is 

is  processed  as  described  in  the  preceding  paragraph  to  15  Th^'ri;  ti.^r  °f  ‘ ^  ‘  -‘Cd  'tnn£S  ,and  ,lhcy  burn  freeIy- 
obtain  cesium  (N,N-diethyl-l-hcx;mesulfonSamidc)undcca-  l ^  .rc-‘ducs. f  ,U'?  imP^s":itcd  strings,  after  burn- 
hydrododecaboratef  — 1).  ‘nfs’  bave  a  s,ze  and  shape  similar  to  the  original  section 

Analysis. — Calc'd  for  CsBioHn-CrH,,SO,N(C,HA,-  °£  Sln,'1£  2P'd  .'lle  !C,sidual  skeleton  is  of  sufficient  coher¬ 
es,  26.8;  B,  26.2;  N,  2.82;  S,  6.46;  C  24?  H  6  9’  Found  M  °  Cn!beddlng  m  paraffin.  The  sections  of 

Cs,  26.1;  B,  25,2;  N,  2.84;  S,  6.28- C  24’s-H  7  19  ’  “°  rfldlle.>  trc,ated>  show  resistances  of  about  11,300 

The  infrared  spectrunTof  the  cesium  salt  show's  absorp-  £b"*s/,n.ch  aad  about  25,000  ohms/inch,  respectively, 
tion  at  the  following  wavelengths  (expressed  as  microns)-  T  •  r<:sidlle  fronl 1  a  con,r°l  ummpregnated  section  of 

4.05,  7.7,  8.6,  9.2,  9.5-10.0,  10.5,  12.0,  12  6  and  13  9  j,n?S  ls  very  sma11  and  shapeless  and  it  cannot  be  han- 


EXAMPLE  6 


A  reaction  vessel  is  charged  with  a  few  grams  (ca.  3 
g.)  each  of  a  hydrate  of  dihydrogen  dodecahydrododeca- 


In  the  group  of  compounds  which  fail  within  the 
scope  of  Formula  2,  the  component  M  represents  a  range 
of  groups  which  are  readily  interchangeable  by  metathctic 
reactions  as  described  earlier.  Thus,  all  of  the  salts  can 
be  used  as  intermediates  in  the  preparation  of  acids 


/  -  -  -  — ■  -  *  ■  —  MtiAsuiv  liiwi i j  vu  a 

paste  and  the  temperature  is  raised  to  60"  C.  Hydrogen 
gas  is  evolved  and  the  temperatuic  is  maintained  at  60* 


solutions  of  the  sails  through  an  acidic  ion-cxchanpc  resin 

C.  until  evolution  of  gas  subsides.  The  mixture  is  cooled  a-  “f  dcscrlbcd  ea,'1,c|-  Tho  acids  ot  ‘his  group  are  very 
to  atmospheric  temperature,  dissolved  in  ethyl  alcohol  f.s  acids  and  they  are  useful  in  industrial  applica- 


to  atmospheric  temperature,  dissolved  in  ethyl  alcohol  3a  s.,rons  aeK,s  and  tbey  are  “seful  in  industrial  applica- 

and  neutralized  with  aqueous  CsOH.  The  precipitate  which  tl0aS  wh*Ije  !l  ,s  deslr.cd  t0  avoid  contamination  from 
forms  is  separated  by  filtration  and  crystallized  from  water  sul,ate'  cn,!onc;e’  bromide,  chlorate,  phosphate,  and  like 
to  obtain  cesium  (N,N-dicthylbenzcnesulfonamide)undec-  strong  acid  amons.  Thus,  the  acids  of  Formula  2,  where 
ahydrododccaborute ( — 1 ) .  M  1S  H  or  (I»30>+  are  useful  for  etching  metals,  such 

Analysis. — Calc’d  for  CsB12Hu- (C,H5)2NS(0),CKH,-  as  SlCe!’  and  fjr  nist  removal,  for  pickling,  for  scale 

B,  26.65;  N,  2.8S;  S,  6.58;  C,  24.65;  H,  5.38;  Cs  27  1  removal  and  for  similar  metal  processing  operations. 

Found:  B,  24.64;  N,  3.04;  S,  7.04;  C,  22.71;  H,  5.73-  Cs  711(5  aCids  .arc  useful  as  ‘-'atalysts  in  the  preparation  of 

26.3.  f  esters,  c.g.,  in  the  reaction  of  alcohols  and  carboxylic 

Operation  of  the  process  illustrated  in  Examples  5  and  ac!ds’  t0  '™Pr?ve  ‘be  yields  of  the  desired  esters.  The 
6  at  a  temperature  of  about  90-100"  C.  permits  the  prepa-  45  ?cu?  of  thls  invention  are  employed  for  this  purpose 
ration  of  the  non-ionic  species  of  Formula  3.  To  illus-  inline  same  manner  as  p-tolucnesulfonic  acid,  sulfuric 


B,  26.65;  N,  2.8S;  S,  6.58;  C,  24.65;‘ H.hs)  Cs,  ^l. 
Found:  B,  24.64;  N,  3.04;  S,  7.04;  C,  22.71;  H,  5.73;  Cs, 
26.3. 

Operation  of  the  process  illustrated  in  Examples  5  and 
6  at  a  temperature  of  about  90-100"  C.  permits  the  prepa¬ 
ration  of  the  non-ionic  species  of  Formula  3.  To  illus¬ 
trate,  heating  of  -the  reaction  mixture  of  Example  5  to 
about  100°  C.  will  yield  B12H10-2QH,3SO2N(CsH5)2; 
heating  the  reaction  mixture  of  Example  6  to  the  same 
temperature  will  yield  B,2Hll)-2C(iH5S02N(CjH5)2. 

The  process  of  Examples  5  and  6  is  generic  to  the 
preparation  of  compounds  of  Formula  1  where  Z  is  a 
sulfonamide.  To  illustrate,  hydrated  dihydrogen  dodeca- 
hydrododecaborate  can  be  reacted  with  ( 1 )  N,N-dimelhyl- 


iiyuiuuuuetauor.ue  can  oc  reacted  with  (1)  N.N-dimelhyl- 
cthancsulfonamide  to  obtain  B,2H1Q-C2H,SO,N(CH,),  55  thl^cof 

On,l  C. .  k,,  -  r/^I  r  \  ^  i»  y-..  .  «  I/s..  .  .  Thu 


.  *  - - ouxiuiiv 

acid  or  alcoholic  hydrogen  chloride. 

The  compounds  of  Formula  4  are  generically  useful 
in  the  fields  of  application  described  above  for  the  com¬ 
pounds  of  Formula  1. 

As  many  apparently  widely  different  embodiments 
of  this  invention  may  be  made  without  departing  from 
the  spirit  and  scope  thereof,  it  is  to  be  understood  that 
this  invention  is  not  limited  to  the  specific  embodiments 


and,  further,  with  (CH3)2C6H5CH2NOH  to  obtain 
(CH3)3C6H5CH2NB12Hn-C2H5S02N(CH3)2 
(2)  .  with  N-pentamcthylenecyclohexanesulfonamidc  to 


The  embodiments  of  the  invention  in  which  an  ex¬ 
clusive  property  or  privilege  is  claimed  are  defined  as 
follows: 

1.  A  compound  of  the  formula 


Bi!trio.2CinnSo,NC!ii(cir,),crf, 
and,  further,  with  Ca(OH)2  to  obtain 


M(2.n)  ( B  iSH|  3.,,  •  nZ)  bn'J 


Cn[  B  i,U„.C.Hi,SOiNCH,(CHi)i6  II,], 
and  (3)  with  N,N-dibutyl  cyclobutanesulfonamide  to  ob¬ 
tain  B12H13-2C<H7S02N(C1H9)2  and,  further,  with  N- 
mcthylquinoline  to  obtain  N-methylquinolinium 

BwHu-C^SOjNfQH,), 


wherein  M  is  a  cation;  n  is  a  cardinal  number  of  from 
1  to  2,  inclusive;  b  is  at  least  1  and  is  otherwise  equal 
to  the  valence  of  M;  and  Z  is  selected  from  the  class 
consisting  of 


O  OBOE  OR 

K-S-R,  R-S-r/  .  R-i-r/  .  tnd  U-i-t/ 


Utility 

The  compounds  of  the  invention  are  useful  in  many 
diverse  fields.  All  of  the  compounds  represented  by  For¬ 


mula  1  are  generically  useful  as  combust**  ,  , a  ,5  ^ras’en?^ 


wherein  each  R  taken  separately  is  a  monovalent  hydro- 
earbyl  group  of  up  to  18  carbon  atoms  free  of  aliphatic 
elhylenic  and  acetylenic  carbon-to-carbon  bonds,  and 


U 
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divalent  member  of  tbc  class  consisting  of  ( a )  alkylcnc 
of  up  to  a  total  of  5  carbon  atoms  and  ( b ) 

— CH2CH2OCH2CH2— 

2.  A  compound  of  claim  1  wherein  //  is  1.  2 

3.  A  compound  of  claim  1  wherein  n  is  2. 

4.  A  compound  of  claim  1  containing  water  of  hydra¬ 
tion. 

5.  A  compound  of  claim  1  wherein  the  R  groups  each 
arc  monovalent  hydrocarbyl  groups  of  up  to  18  carbon 
atoms  free  of  aliphatic  ethylenio  acetylenic  carbon-to-  0 
carbon  bonds. 


6.  B12Hifl-2CH3hJC(0)CH2CH2CH2. 


7.  CsB^Hn-CHjNCfOJCH.CHzCHj. 


O  O  R  O  R  OR 

R-S-R,  R — S— Is  ,  R-d-N/  ,  and  It-C-N,/ 

<J  ('  'S-  ^ 


R 


R 


16 


15 


8.  (CH3)1NBI2ir11-02SCH2CH2CH2CH2. 

9.  CsRigHii* CcH  13S02N (C2H5 ) 2. 

If.  CsB^Hn-fQHsloNSfOJjCeHs. 

11.  Process  for  preparing  compounds  of  the  formula  ^ 

M(j-n)(Bi2Hi2.n,nZ)bn"3 

wherein  M  is  a  cation;  Z  is  a  group  selected  from  the 
class  consisting  of 


25 


wherein  each  R  taken  separately  is  a  monovalent  hydro-  30 
carbyl  group  of  up  to  18  carbon  atoms  free  of  aliphatic 
cthylenic  and  acetylenic  enrbon-to-embon  bonds,  and 
wherein  any  two  R  groups  taken  together  represent  a 
divalent  group  of  the  class  consisting  of  (a)  alkylcne  of 
up  to  a  total  of  5  carbon  atoms,  and  (6)  35 

— CH2CH2OCH2CH;j— 


n  is  a  cardinal  number  of  from  1-2,  inclusive;  and  b 
is  at  least  1  and  is  otherwise  the  valence  of  M,  which 
comprises  reacting  at  a  temperature  of  from  about  40* 
C.  to  about  300°  C.;  a  hydrate  of  H2B12H|2  with  a  com¬ 
pound  selected  from  the  class  consisting  of 

O  O  It  O  R  OR 

R-S-R.  n-l-N^  ,  R-C-N^  ,  and 
•11  II  \  \  \ 

O  „0  R  R  R 

wherein  R  is  defined  as  above;  isolating  from  the  reaction 
mixture  any  B]2H10-2Z  formed,  treating  the  remaining 
mixture  with  a  salt  whose  cation  is  selected  from  the  class 
consisting  of  cesium  and  telra( lower  alkyl) ammonium, 
isolating  the  resulting  M'(Bi2HU'Z)h  wherein  M'  is  the 
aforesaid  cesium  and  tctra( lower  alkyl)ammonium,  and 
subjecting  said  M'(B)2Hn'Z)  to  a  rnetathetical  cation 
exchange  reaction  to  obtain  the  compound  M(Bj2Hh-Z). 
12.  Process  of  claim  11  wherein  the  hydrate  of 

H2B!2Hi2 

is  formed  in  situ  from  Na2BI2H]2  and  a  strong  acid. 
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The  Lewis  base  reactants  are  those  of  the  following 
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This  invention  relates  to  an  improved  process  for  pre¬ 
paring  doilscahydrododecaborates.  More  spcciiically,  it 
e,  ncti r,s  ;,n  iiv.pr  wi  ftoec-*  fur  prepariug  alkali  tt»e*a! 
;.r„|  alkaline  eartli  metal  dodccahydrododccaboratcs. 

I'.sJecahyilroJodecaboratcs  (2~)  are  salts  of  the 
If.  anion  \  hich  i:.rve  been  discovered  only  recent- 
Iv.  Ti.o  divalent  anion  is  a  polyhedral  boron  hydride  which 
jvwvvcs  unusual  and  unexpected  stability.  It  undergoes 
many  xubstiiution  tcactions  and  is  a  versatile  intermediate 
tor  the  preparation  of  novel  boron-containing  products. 
Jnwwigalion  and  development  of  compounds  containing 


formulas: 

(2) 

RO(CHsCH20)mR' 

6  (3) 

R'SR" 

(4) 

RR'R''N 

and 

(5) 

RR'R"P 

10  where  R,  R' 

and  R”  are  alkyl  or  cycloalkyl  groups  of 

35 


20 


.  anion  will  be  advanced  by  attractive  processes 

**•  14  .i  _  _ _ 1_  J  1 _ I 


for  their  preparation,  particularly,  processes  which  lead 
to  -mod  yields  of  products  by  economical  routes. 

la  cur  copcmling  U.S.  patent  3,3aS,134  it  is  shown  that 
poly  irvdropolyboratcs  having  three  cr  more  boron  atoms, 
incoming  d  jdecab)  vtiL,tfCchn.utiJfatcT,  cm.  bt  pi  chafed  ty 
rc-ciitis  diborune  v.ith  an  alkali  metal  or  alkaline  earth 
rr-jtal  teiiahydrcboraie  under  at  least  3  atmospheres  pres¬ 
sure.  We  have  now  found  a  process  whereby  mborar-.e 
and  a  tetrahydroboratc  can  be  reacted  under  selected 
conditions  which  do  not  require  superatraospheric  pres¬ 
sures  to  obtain  ilodecahydrododecabo rates  as  the  principa  l 
product  in  good  yield. 

Thus,  it  is  an  object  of  this  invention  to  provide  a 
process  for  the  preparation  of  dodccnhydrododccuborates 
which  can  be  carried  out  at  atmospheric  pressure.  It  is 
another  object  to  provide  a  process  for  the  preparation 
oi  ihj  above  borates  which  will  result  in  improved  yields 
of  said  borates.  Still  other  objects  will  become  apparent 
from  the  following  description. 

The  process  of  the  invention  comprises  the  preparation 
of  alkali  melrl  or  alkaline  earth  metal  dodecahydrodo- 
^j-.^boraTCs  in  •;  Sui..iw  .Tip  ly  reacting  difooTvwe  svfbh  im 
alkali  metal  or  alkaline  earth  metal  tetrahydroborale  at 
a  tern  pci  at ir  re  of  at  least  120"  C.  in  the  presence  of  a 
Lewis  base  which  forms  an  adduct  with  uiborane.  Ihc 
reaction  proceeds  at  prevailing  atmospheric  pressures 
and  thus  no  pressure  equipment  is  needed.  The  reaction, 
preferably,  is  conducted  in  the  substantial  absence  of 
oxygen  (air)  and  moisture. 

The  essential  components  in  the  process  are  diborane, 
etrahydroboraic  and  a  Lewis  base.  These  reactants  are 


30 


40 


a 


defined  more  fully  in  the  paragraphs  immediately  follow- 
in; 


The  tetrahydroborale  reactant  is  a  compound  of  the 
formula 


(0 


M(BH«)C 


where  M  is  an  alkali  metal  or  alkaline  earth  metal,  and 
n  is  a  positive  whole  number  equal  to  the  valence  of  M, 
j.e.,  n  is  1  or  2.  When  M  is  an  alkali  metal,  n  has 
a  value  of  1;  when  M  is  an  alkaline  earth  metal,  n  has  a 
value  of  2.  Alkali  metals  and  alkaline  earth  metals  are 
elements  of  atomic  numbers  3-56,  inclusive,  of  Groups 
I-A  and  II-A  of  the  Periodic  Table.  Thus,  M  in  Formula 
1  can  be,  c.£.,  lithium,  sodium,  potassium,  rubidium, 
cesium,  beryllium,  magnesium,  calcium,  strontium  and 
banum.  Because  of  lead/  availability,  sodium  Mil  potas¬ 
sium  tctrr.hydroborates  constitute  a  preferred  group. 


up  to  12  carbons  and  where  R’  and  R"  can  be  bonded 
together  to  form  a  divalent  hydrocarbon  radical  which 
forms  a  ring  with  live  sulfur,  nttroya  or  phosphorous; 
m  is  a  positive  number  of  at  least  2,  i.e.,  in  can  be  2  or 
more,  preferably  m  docs  not  exceed  6.  Tertiary  amines 
of  Formula  4  and  polycthers  of  Formula  2  are  partic¬ 
ularly  valuable  for  use  in  the  process.  The  polyelhcrs  of 
Formula  2  may  be  viewed  as  alkoxy  derivatives  of  glycol 
polyelhcrs  obtained  from  ethylene  oxide. 

Examples  of  the  Lewis  base  reactant  include  those  in 
which  the  hydrocarbyl  groups  (R,  R'  and  R")  can  be, 
for  example,  methyl,  ethyl,  propyl,  isopropyl,  butyl,  iso¬ 
butyl,  octyl,  2-et'nyIhexyl,  dodccyl,  cyelopcntyl,  cyclo¬ 
hexyl,  and  the  like.  Specific  examples  of  Lewis  bases  in¬ 
clude,  among  others,  methyl  cyclchexyl  sulfide,  N,N-di- 
methylcyclohexylamine,  N-melliylpentamethyleneimine, 
Jf-.uuiii  lyyi  rotidiiiii,  cyciohcxyWlcthj  lpbosptilne,  puira- 
methylcne  sulfide,  and  the  like. 

The  diborane  reactant  is  the  compound  having  the 
formula  B2T6. 

The  reactants  employed  in  the  reaction  are,  in  general, 
commercial  grade  materials.  It  is  preferable  the  reactants 
be  free  of  adventitious  moisture  in  order  to  obtain  higher 
-  yields,  but  in  general,  the  commercial  grade  materials 
may  he  used  without  special  purification. 

For  operation  of  the  process  of  the  invention,  it  is  not 
essential  that  the  reactants  be  charged  into  the  vessel  in 
any  stated  sequence.  Whatever  the  sequence,  the  Lewis 
bases  from  adducts  with  the  diborane.  These  adducts  can 
be  represented  by  the  Formula  6  BH3-Z  (in  which  Z  is 
the  Lewis  base  defined  previously)  and  serve  as  reser¬ 
voirs  of  diborane  at  the  temperature  of  the  reaction. 

The  roie  of  the  Lewis  base,  as  an  essential  component, 
jn«3  L'w  i it. J  Ly  doscr!bmg  the  formation  .1  t'c 

adducts.  The  diborane  (B:HC)  behaves  in  many  respects 
as  if  it  were  two  loosely  connected  BH3  groups,  which 
can  be  fragmented  to  form  BH3.  The  incomplete  electron 
octet  around  the  boron  atom  has  a  strong  tendency  to 
JO  accept  electrons  and  will  form  a  coordination  compound 
with  an  electron  donor,  and  the  Lewis  bases,  being  elec¬ 
tron  donors,  will  combine  reversibly  with  diborane  to 
form  the  adducts.  The  formation  of  these  adducts  of  B2HS 
has  been  studied  extensively  in  the  literature  and  their 
05  properties  are  well-established.  References  which  discuss 
these  reversible  combinations  are: 

Stone,  Quarterly  Reviews,  1955,  174-201  (particularly 
p.  184). 

Sidgwick,  "Chemical  Elements  and  Their  Compounds,” 
vol.  1,  p.  351  ff.,  Oxford  University  Press  (1950). 

Moeller,  “Inorganic  Chemistry,”  p.  7S0,  John  Wiley  4 
Sons,  Inc.  (1942). 

In  addition,  the  Lewis  base  may  aid,  in  some  cases,  in 
formation  of  a  loose  combination,  not  only  with  diborane, 
05  but  with  the  tetrahydroboratc  and  thus  provide  close  re¬ 
active  contact  between  the  boron-containing  reactants. 
However,  the  Lewis  base  does  not  enter  into  or  form  a 
part  of  the  final  product. 

The  adducts  may  be  prepared  outside  the  reaction  zone 
and  supplied  in  this  preformed  condition  to  the  reaction 
Zina..  They  may  be  prepared  ty  TS’tnpIc  tr.iafag  at  any 
convenient  temperature,  e.g.,  —100*  C.  or  lower  or  at 
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higher  temperature,  e.g.,  50*  C,  The  mixing  temperature 
is  not  critical. 

it  i«  i  i«v  l  c4vuchVH  to  f«yr«  lb:  :dd''ct  In  the  reac¬ 
tion  zone,  but  however  piep.'.ied,  they  are  considered  to 
he  within  the  scope  of  the  definition  of  the  essential  com-  5 
portents  of  the  reaction. 

In  general,  a  conventional  vessel  may  be  employed 
which,  preferably,  is  lined  with  a  corrosion-resistant  mate¬ 
rial  (e.g.,  stainless  steel,  platinum,  glass,  and  the  like). 

The  vc  tel  is  preferably  fitted  with  a  gas  in’et  tube  and  a  jq 
reflux  condenser.  The  vessel  is  charged  with  the  Lewis 
bare  and  the  tetrnhydioboralc  of  Formula  1,  and  an 
inert  gas  is  passed  into  the  vessel  to  remove  adventitious 
moisture  and  to  provide  a  non-oxidizing  atmosphere. 
Suitable  inert  gases  are  nitrogen,  argon,  helium,  a.ul  the  15 
like.  Dtborane  is  now  passed  into  the  reaction  mixture, 
preferably  by  bubbling  through  the  mixture  to  provide 
intimate  contact  between  the  reactants. 

.•Vio'oativoly,  the  Lewis  base  can  be  charged  inlo  the 
vcs-.cl  initially  r.r,d  dihurane  passed  into  contact  with  the  20 
base  !•)  form  an  adduct.  The  Htrahjdrobcrato  can  then 
be  charged  into  the  vessel.  The  reaction  mixture  can  be 
stirred,  if  desired,  during  operation  of  the  process  by 
any  suitable  method,  e.g.,  shaking  or  mechanical  stirring. 

The  tno'c  ratio  in  which  the  reactants  are  present  is  25 
not  critical.  Ti  e  diboranc  can  be  bubbled  through  slowly 
or  rapidly  and  it  is  necessary  only  to  have  diborane 
present  in  v.iifcicnt  quantity  at  any  time  to  react  with 
the  tetrahydroborate.  Moreover,  the  adducts  formed  from 
the  Lewis  bvc  and  diborane  may  boil  at  a  temperature  30 
above  the  operating  temperatures. 

Heat  is  then  applied  slowly  to  the  reaction  vessel  and 
the  temperature  of  the  reaction  mixture  is  raised  lo  a 
point  where  release  of  hydrogen  gas  begins.  Heating 
may  be  c  vntinued  to  a  higher  temperature  or  it  may  be  35 
adjusted  to  maintain  the  temperature  at  a  point  at  which 
a  steady  and  controllable  evolution  of  hydrogen  takes 
place,  V/hcn  evolution  of  hydrogen  ceases  and  is  not 
renewed  even  with  further  heating,  the  reaction  is  com¬ 
plete  and  the  flow  of  diborane  is,  therefore,  stopped.  The 
reaction  mixture  i>  cooled  and  processed  by  conventional 
procedures. 

The  process  is  generally  operated  at  a  temperature  of 
at  least  120*  C.  to  permit  release  of  free  hydrogen  and 
to  obtain  dodecahydrododecaborates  as  the  principal  43 
product.  Higher  temperatures  can  be  employed,  for  ex¬ 
ample,  up  to  -too*  C.  or  even  higher,  if  desired,  but 
excessively  high  temperatures  oiler  no  advantage.  A  con¬ 
venient  method  of  operation  is  simply  to  heat  the  re¬ 
action  mixture  to  the  temperature  at  which  hydrogen  is  50 
released  and  to  maintain  heating  until  r.o  further  re¬ 
lease  of  hydrogen  occurs.  The  preferred  temperature 
ranee  of  operation  is  120”-2CQ*  C. 

The  length  of  the  reaction  period  is  not  critical.  In 
a  batch  operation,  release  of  hydrogen  is  generally  rapid  E5 
at  the  operating  temperature.  The  mixture  can  be  stirred 
mechanically  to  spccJ  the  reaction,  or  diborane  can  be  in¬ 
troduced  into  the  mixture  through  an  inlet  tube  equipped 
with  a  porous  plate  to  produce  very  small  bubbles 
which  provide  a  large  surface  area  for  reaction.  Mcasur-  CO 
able  amounts  of  the  dodeeahydrododecaborale  salt  are 
present  in  the  reaction  mixture  within  a  short  time  after 
diborane  is  introduced,  e.g.,  within  one  or  two  minutes. 

To  obtain  maximum  yield  of  product,  the  reaction  is 
preferably  continued  until  no  further  release  of  hydro-  C5 
gen  is  noted  but  it  is  not  essential  for  operability  to  con¬ 
duct  the  process  for  this  period  of  time. 

The  reaction  proceeds  readily  at  prevailing  atmospheric 
pressure  and  this  method  of  operation  has  obvious  advan¬ 
tages  of  low  cost  and  case  of  manipulation.  Pressure  is  not  *0 
a  critical  variable  for  operability  and  fluctuations  in  pres¬ 
sure  may  occur  during  operations  without  effecting  the 
process  adversely.  Similarly,  the  lime  of  reaction  is  not 
trMuL 

The  process  can  be  operated  by  batch  or  continuous  75 


4 

methods,  and  procedures  for  these  methods  are  well 
known  in  the  engineering  field. 

Dvcattse  dibrn-ai  -t  revets  readily  with  moisture  and 
with  oxygen,  it  is  desirable  to  exclude  these  materials 
from  the  reaction  zone. 

Volatile  by-products  of  the  process  can  be  collected 
in  traps  cooled,  e.g.,  with  liquid  nitrogen,  liquid  helium 
and  the  like,  although  it  is  not  essential  to  do  so.  How¬ 
ever,  since  free  hydrogen  is  obtained  as  a  by-product,  it 
is  desirable  to  provide  means  for  the  safe  disposition  of 
the  hydrogen.  The  formation  of  free  hvdrogen  is  a  charac¬ 
teristic  feature  of  the  reaction,  and  the  progress  of  the 
reaction  can  be  followed,  if  desired,  by  measuring  the 
amount  of  hydrogen  which  is  released. 

The  principal  product  which  is  obtained  directly  in 
the  reaction  is  a  dodeeahydrododecaborale  of  the  formula 

(7)  MaBISH„ 

whore  M  is  nn  alkali  metal  or  alkaline  earth  metal  as 
defined  i,:  Formula  1,  and  a  is  a  positive  whole  number 
which  is  equal  to  2  divided  by  the  valence  of  M,  i.c.,  a 
is  2  when  M  is  an  alkali  metal,  and  n  is  1  when  M  is  an 
alkaline  earth  metal.  The  objective  of  the  process  of 
this  invention  is  the  preparation  of  compounds  of 
Formula  7. 

The  reaction  product  identified  by  Formula  7  is  a  salt 
which  can  be  isolated  directly  from  the  reaction  mixture 
by  conventional  methods,  e.g.,  filtration,  evaporation, 
crystallization,  washing  with  non-solvents,  and  the  like. 

The  dodecnhydrododocaborate  product  may  be  iso¬ 
lated  anil  purified  by  dissolving  the  alkali  metal  or  alkaline 
earth  metal  sail  in  hydroxylatcd  solvents  or  in  ethers,  e.g., 
water,  alcohols,  aqueous  dioxane,  aqueous  1,2-dimethoxy- 
cthnne,  and  the  like,  followed  by  addition  of  a  salt  which 
has  a  cation  of  large  atomic  volume.  Dodecahydrododcc- 
aborale  sails  of  these  cations  have  low  solubility  and  can, 
therefore,  be  purified  easily  by  one  cr  more  crystalliza¬ 
tions,  Examples  of  salts  and  bases  with  large  cations 
which  can  b:  used  to  precipitate  the  dodccahydrcdodsc- 
nborates  are  quaternary  ammonium  salts  and  hydroxides 
[(CH3)4NCL  (C3Hs)«NOM],  cesium  salts  and  hydroxide 
(C.xBr,  CbOH),  thallium  salts  and  hydroxide  (T1N03, 
TiOH),  sulfoniam  salts  and  bases 

[CCH3)3SCI,  (CsII5)3SOH] 
phosphonium  salts 

[(CH4H9)4FBr.(C!H5)3PCHICH-P(C2H5)3Clj) 
metal-amminc  halides  [Zn(NH3)4CI3,  Co(NH3)sCl2]  and 
related  types  of  compounds. 

The  methods  of  isolation  and  purification  are  evident 
from  the  disclosure  in  the  examples  which  illustrate  the 
process  cf  the  invention. 

The  operation  of  the  process  of  the  invention  is  illus¬ 
trated,  but  is  not  limited,  by  the  examples  which  follow: 

Example  1 

(A)  Triethylamine  and  diborane  are  contacted  in  a 
cooled  reaction  vessel  under  a  blanket  of  nitrogen  in  suf¬ 
ficient  quantities  to  provide  25  ml.  of  triethylamineborane 
adduct.  The  liquid  adduct,  under  nitrogen  gas,  is  stirred 
and  2.0  g.  of  NaP.H,  is  added  to  form  a  slurry ._  Stirring 
is  continued  and  B-Ha  is  bubbled  through  the  mixture  at 
a  rate  of  about  1  g./lir.  The  mixture  is  heated  slowly  to 
80*  C.  and  no  reaction  ts  observed.  At  this  point  the 
NaBH4  ccn  be  recovered  unchanged.  Heating  is  continued 
to  120”  C.  where  evolution  of  hydrogen  begins.  After 
three  hours  at  this  temperature  (i.e.,  120”  C.)  the  mix¬ 
ture  is  cooled  and  filtered  to  separate  the  solid  product.  A 
total  quantity  of  2.7  g.  of  crude  product  is  obtained  which 
is  extracted  with  tetrahydrofuran.  The  insoluble  portion 
(1.7  g.)  is  unrcacled  NaBH4.  The  tetrahydrofuran  ex¬ 
tract  is  diluted  with  glymc  and  a  white  precipitate  forms 
which  is  separated  to  obtain  2.1  p  i  f  NSjUgllif  CCTtlJia- 
ing  glymc  as  solvent  of  crystallization. 
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(B)  Tic  process  of  Part  A  is  repeated  with  the  ex¬ 
ception  that  diborane  is  bubbled  through  the  reaction 
mixture  tit  190  C.  for  1  bom  u,;d  45  minutes.  The  i cau¬ 
tion  mixture  is  processed  ns  described  in  Part  A  to  ob¬ 
tain  6.0  g.  of  Nn2Bi;!Ii2  containing  giynie  as  solvent  of 
crystallization.  No  unrenctcd  NuBH4  is  recovered. 

Example  1  illustrates  gcncricaliy  operation  of  the  process 
employing  a  compound  of  l-ormula  4  as  one  component 
of  the  reaction  mixture.  It  can,  alternatively,  be  viewed 
as  illustrating  genericallv  operation  of  the  process  in  the 
presence  of  an  adduct  of  Formula  6,  where  Z  is  a  tertiary 
amine.  The  process  can  be  operated  with  a  broad  range  of 
tertiary  amines,  c.g.,  triisobulylamine,  ethyldipropyl- 
amine,  diclhyloclylaminc,  riiethylcyclohexylamine,  meth- 
yldicydohexyhnnine,  tricyclohoxylamine,  N-cthylpiperi- 
dinc,  and  the  like. 

Example  2 

(A)  A  reaction  vessel  is  charged  with  25  ml.  of  1,11- 
dimethoxy-3,6,9-trioxaundccane 

[CH30(CH2CH:0)4CH3  . 

aFo  called  "tetraglyme”  J  and  2.0  g.  of  NaBII4.  The  reac¬ 
tion  mixture  is  stirred  under  a  blanket  of  nitrogen  gas 
and  Bd-fo  is  bubbled  through  it  at  a  rate  of  about  1  g./hr. 
The  mixture  is  heated  slowly  and  evolution  of  hydrogen 
gas  begins  initially  at  106°  C.  At  this  temperature  evolu¬ 
tion  of  hydrogen  gas  continues  for  about  40  minutes  and 
then  subsides.  A  portion  of  the  reaction  mixture  is  re- 
mo-.ed,  cooled  and  diluted  with  dioxane.  A  precipitate 
forms  which  is  separated  and  identified  as  NaB3H8  con¬ 
taining  uioxane  as  solvent  of  crystallization. 

Heating  of  the  remaining  portion  of  the  reaction  mix¬ 
ture  is  continued  with  passage  of  Bolls  and  at  about  126° 
C.  evolution  of  hydrogen  begins  again.  A  white  solid 
precipitates  and,  after  hydrogen  evolution  ceases,  the 
solid  is  separated  by  filtration  to  obtain  Na2Q12Hi2  con¬ 
taining  tetraglyme  as  solvent  of  crystallization. " 

( J5)  The  process  of  Part  A  is  repeated  except  that  5.0  g. 
of  BjHy  is  passed  through  the  reaction  mixture  in  50  min¬ 
utes  at  190°  C.  A  total  of  S.O  g.  of  Na2B12H,2  containing 
tetraglyme  as  solvent  of  crystallization  is  obtained  (yield, 
49Co,  based  on  the  NaBH4). 

Example  2  illustrates  gcncricaliy  operation  of  the  proc¬ 
ess  employing  a  compound  of  Formula  2  as  or.e  compo¬ 
nent  ot'  the  reaction  mixture.  It  can  also  be  viewed  as 
illustrating  gcncricaliy  operation  of  the  process  in  the 
presence  of  an  addtict  of  Formula  6,  where  Z  is  a  satu¬ 
rated  hydrocnrbyl  polyether  of  Formula  2.  Tie  process 
can  be  operated  with  a  blond  range  of  polycthers,  e.g., 
CH30(CH2CH20)  3CH3,  C2H50  (CH2CH20 )  4C2H5, 

CH30(CH2CH30)sCHj 

and  the  like. 

Example  3 

A  mixture  of  2.0  g.  of  NaBH4  and  25  ml.  of  di-n-butyl 
sulfide  is  blanketed  with  nitrogen  gas,  stirred  and  heated 
slowly  to  195°  C.  Diborane  (8.0  g.)  is  passed  through  the 
mixture  over  a  period  of  2  hours  and  10  minutes  at  this 
temperature.  Hydrogen  gas  is  evolved  and  this  gas  to¬ 
gether  with  some  unreacted  diborane  passes  out  of  the 
vessel  with  the  off  gases.  The  reaction  mixture  is  cooled 
and  tetrahydrofuran  is  added  to  it.  Solids  (about  1  g.)  are 
removed  from  the  mixture  by  filtration.  The  solid  prod¬ 
uct  is  washed  with  fresh  tetrahydrofuran,  the  filtrates  are 
combined  and  diluted  with  two  volumes  of  glyme.  The 
white  precipitate  which  forms  is  separated  by  filtration  to 
obtain  2.4  g.  of  Na2Bi2Hi2  containing  solvent  of  crystal¬ 
lization  (glyme).  The  solid  is  dissolved  in  water,  an 
aqueous  solution  cf  CsCl  is  added  and  Cs3B12H]aCsCl 
precipitates.  It  is  separated  by  filtration,  washed  and 
dried. 

The  above  process  is  repealed  with  the  exception  that 
no  NcBH4  is  employed.  The  only  product  which  is  ob¬ 
tained  is  a  yellow  oil  which  contains  no  salt  of  the 
BiaHu-* 
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anion.  It  is  clear,  therefore,  that  the  tetrahydroborate  is 
an  essential  component  in  the  process  of  the  invention 
to  obtain  salts  o2  the  Bi2Hia-s  anion. 

Example  3  illustrates  gcncricaliy  the  operation  of  the 
5  process  employing  a  compound  of  Formula  3  as  one  com¬ 
ponent  of  the  reaction  mixture.  It  can  also  be  viewed  as 
illustrating  genetically  operation  of  the  process  in  the 
presence  of  an  adduct  of  Formula  6  where  Z  is  an  organic 
sulfide.  The  profess  is  operable  with  a  broad  range  of 
j0  organic  sulfides,  c.g.,  dihexyl  sulfide,  methyl  octyl  sulfide, 
ethyl  cyclohexyl  sulfide,  dicyclohexyl  sulfide,  and  the  like. 

I  he  process  as  illustrated  in  Examples  1—3  is  generical- 
ly  operable  with  tertiary  phosphines.  To  illustrate,  tri-n- 
propylphosphinc  or  tri-n-bulylphosphine  can  be  used  in 
15  place  of  di-n-butyl  sulfide  in  Example  3.  Other  phosphines 
which  can  be  used  include  tri-cyclohexylphosphine,  tri-n- 
he.xylphosphiiic,  elhyldibulyl  phosphine,  and  the  like.  Due 
caution  should  be  observed  in  handling  the  phosphines  in 
view  of  their  known  toxic  and  flammable  properties. 

20  In  Examples  1-3,  it  is  noted  that  the  adducts  of  the 
liquid  media  and  B2HS  are  prepared  directly  in  the 
reaction  vessel.  However,  if  sufficiently  stable,  they  can 
be  prepared  separately  nnd  charged  into  the  reaction  ves¬ 
sel  as  needed.  To  illustrate,  diborane  and  trielhylamine 
25  can  be  reacted  to  form  the  liquid  adduct  (C2H5)3N — BHa 
which  is  stored  until  reeded.  This  modification  in  the 
process  is  illustrated  in  Example  4. 

Example  4 

30  A  reaction  vessel  is  employed  which  is  fitted  with  a 
stirrer,  a  gas  inlet  lube,  a  reflux  condenser  and  an  oil 
bath  heater.  The  vessel  is  connected  to  a  liquid  nitrogen 
trap  which,  in  turn,  is  connected  to  a  wet  test  meter. 

The  vessel  is  charged  with  20  ml.  of  borane-triethyl- 
J  amine  adduct  [(GjHjJjN — BHj,  prepared  as  described 
earlier],  and  2.0  g.  of  NaBH4.  The  vessel  is  evacuated  by 
means  of  a  vacuum  pump  to  a  low  pressure  (less  than  1.0 
mm.  of  He)  and  sufficient  B2H8  is  passed  into  the  vessel  to 
restore  the  pressure  to  1  atmosphere.  The  mixture  is 
stirred  at  atmospheric  pressure  and  heated  gradually  to 
190-205°  C.  (oil  bath  temperature).  Diborane  (0.326 
mole)  is  bubbled  slowly  through  the  mixture  during  this 
operation  for  a  period  of  1.75  hours.  The  volatile  products 
are  passed  through  the  liquid  nitrogen  trap  in  which 
i5  0.21  mole  of  B2H8  condenses  and  4.7  liters  of  non- 
condensible  gas  (hydrogen)  passes  through  the  wet  test 
meter. 

The  reaction  mixture  is  cooled  to  atmospheric  tempera¬ 
ture  (about  25°  C.),  A  small  portion  of  the  mixture  is 
60  filtered  to  separate  the  solid  product  which  is  NaoB,2Hu 
containing  a  small  quantity  of  NaBH4.  The  pro’duct  is 
washed  with  petroleum  ether  and  dried.  Its  identity  is 
confirmed  by  its  infrared  absorption  spectrum.  The  prod¬ 
uct  is  completely  soluble  in  a  small  quantity  of  water. 
65  Tke  product  is,  therefore,  substantially  free  of 

[  (C2H5)  3NH  ]2B  12Hj  j 

a  salt  which  is  highly  insoluble  in  water.  The  high  solu¬ 
bility  of  the  product  in  water  shows  clearly  that  the 
60  process  yields  the  sodium  salt  and  that  NaBH4  is  es¬ 
sential  for  its  formation. 

The  aqueous  solution  of  NaaBlaH,a  is  mixed  with  an 
aqueous  solution  of  (CH3)4NC1  to  form  a  white  precipi¬ 
tate  which  is  I  (CH3)  «N]  -BjjHij.  It  is  separated  by  filtra- 
65  tion  and  its  identity  is  confirmed  by  its  infrared  absorption 
spectrum. 

The  remaining  bulk  of  the  reaction  mixture  is  mixed 
with  an  equal  volume  of  tetrahydrofuran.  A  small  amount 
of  NaBH|  is  removed  by  filtration.  The  filtrate  is  diluted 
70  with  2-3  volumes  of  glyme  and  the  precipitate  which 
forms  is  separated,  washed  and  dried  to  obtain  6.0  g.  of 
white  crystalline  Na2B i2Hi2  containing  glyme  as  solvent 
of  crystallization. 

A  portion  (0.15  g.)  of  the  above  sodium  salt  is  dis- 
76  solved  in  water  and  the  aqueous  solution  is  passed  through 
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i  column  filled  with  a  commercial  acid  ijn^exelia-.gi 
redo  of  the  eros'.lir.l.cd  poh.Myrcncsulfonic  add  type. 

T  i.e  er.lucnt,  which  is  :  n  nqruous  solution  of  H2B12Hia 
(or  (tl,U):Hi;II|;!,  is  titrated  ton  pH  of  7  with  aqueous 
0. 1  N  NsOil  solution  of  which  5. *15  ml.  is  required.  With  5 
these  data,  it  is  calculated  that  the  conversion  of  Na’dH* 
to  N'adJijllu  in  the  process  of  Example  4,  is  *10.8%  of 
theory. 

The  processes  of  Examples  1-4  are  gcnerically  operable 
with  niK.ili  metal  and  alkaline  carih  metal  tetrahydro-  jg 
borates,  including,  c.i\,  t.iilllt,  KliH«,  CsBH4,  Mg(BH4)2, 
Cu(HH4);,  ar.d  Bui  Dili)-.  The  lithium,  sodium  and 
potassium  salts,  in  particular  the  last  two,  arc  readily 
available  and,  therefore,  preferred. 

It  is  noted  is  Example  2,  Part  A,  that  NaB.Hj  can  be  15 
i>  plated  fu'.m  the  teaction  mixture  as  it  is  heated  to  the 
operating  temp..rat:'rc  of  at  least  120°  C.  The  mechanism 
by  which  the  reaction  proceeds  to  the  B  1=I Iia- 3  anion  is 
not  known  but  it  is  common  in  chemical  reactions  to 
pa-s  1  [.rough  a  rerne  of  intermediate  products  which  20 
vary  widely  in  liability  hut  which  lend  ultimately  to 
desired  products.  1  l.e  data  in  Example  2,  Part  A,  suggest 
that  the  reaction  proceed,  thron'd  the  formation  initially 
of  an  MfBjHj),,  compound  [.where  M  and  n  are  defined 
as  in  Eerrmila  1)  and  that  with  further  heating  in  the  25 
presence  of  the  Lewis  b.i'C  adduct  and  with  further 
introduction  of  U_H,,  the  lljllj-1  anion  reacts  to  form 
the  Bi’Hia--’  anion. 

One  step  in  the  process  of  the  invention  may,  there¬ 
fore,  be  viewed  ar  Lie  reaction  of  N'a!T!i3  (prepared  in  30 
situ)  and  art  adduct  of  l'ormula  6  in  the  presence  of 
d.borar.e  at  a  temper. it  lire  of  at  least  120°  C.  This 
tneehani.m,  although  r.ot  clearly  established,  is  supported 
by  the  preparation  of  tl.o  Hi-Hi--3  anion  directly  from 
NjBjIIj  and  a  irialkyl.ttnir.c-KHj  adduct  which  is  illus-  33 
(rated  as  follows: 

A  reaction  vcwcl  is  charged  with  6.1  g.  of  Nafi3Ha 
(containing  3  moles  of  dicxnne  of  crystallization)  and 
25  ml.  of  (<1:M;)jN — !;llj  adduct.  The  mixture  is  heated 
wi:ii  Stirling  and  forms  a  clear  solution  at  117°  C.  with  40 
no  evidence  of  reaction.  Heating  and  stirring  is  continued 
and  at  138°  C.  hydrogen  begins  to  be  evolved  and  a 
solid  separates  from  the  mixture.  Heating  is  continued 
for  about  0.5  hour  to  a  maximum  temperature  of  170°  C. 

The  reaction  mixture  is  maintained  at  J70°  C.  for  another  45 
0.5  hour,  i.e.,  until  hydrogen  evolution  ceases.  About  1.0 
liter  of  gas  is  evolved,  i.e.,  about  2.15  ntolcs  of  hydrogen 
per  mole  of  Iljl  f*~ 1  anion.  The  mixture  is  cooled  and 
the  solid  is  separated  by  filtration.  The  filtrate  is  un¬ 
changed  (CjH})}N — BHj  adduct  and  the  solid  is  a  mix-  gg 
ture  of  N;:i)H4  and  Na.Hl:Hi3  with  dloxane  cf  solvation. 

The  mixture  is  stirred  with  tetrahydrofuran  in  which 
Nn-UijHu  is  soluble  and  NaBH4  is  insoluble.  The  mixture 
is  filtered  to  separate  NaBII4  and  the  filtrate  is  evaporated 
to  obtain  Na-Bjjllu  with  solvent  of  crystallization  55 
(dioxanc). 

In  the  above  test  no  nsHa  is  supplied  to  the  reaction 
mixture  during  operation  of  the  process.  Tlte  test  is 
repeated  with  R-Hc  bubbling  through  the  mixture  and 
the  sole  product  which  is  obtained  and  isolated  in  good  gg 
yield  is  Na-ili-llj-.  Sodium  trihydroborate  (NaB3Ha) 
when  heated  alone,  i.e.,  in  the  absence  of  B2ITa  and  the 
trial k/ljmine-borane  adduct,  will  yield  Na2BuHu  only 
when  heated  for  long  periods  at  a  high  temperature. 
Thus,  NtiBjIft.  after  heating  alone  for  3  hours  at  100”  C.  05 
or  for  10  hours  at  150°  C..  yielded  no  Na,B,,H.2.  Only 
when  NnB.Hj  is  heated  for  10  hours  at  200”  C.  is 
Na;Bi2H.j  found  iii  the  reaction  product  and  it  is  present 
in  admixture  with  NaBH4. 

Eoth  diborane  and  the  tetrahydroborate  contribute  to  jo 
the  boron  content  of  the  final  product.  The  following 
illustrations  provide  further  confirmation  that  each  com¬ 
ponent  is  needed. 

(A)  A  reaction  vessel  is  charged  with  25  ml.  of 

iMIj  a.1  'wet;  ire- wad  si  sJsienbeJ  earlier,  75 
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ard  75  ml.  cf  a  saturated  hydrecartra  cf  tlx  here  sene 
boiling  range.  The  mixture  is  stirred  and  heated  to  ISO— 
200”  C.  Diborane  (0.1  mole)  is  bubbled  into  the  mixture 
at  this  temperature  over  a  period  of  1.5  hours.  Volatile 
products  are  formed  which  include  uurracted  B2H6  and 
possibly  a  small  amount  of  hydrogen.  The  reaction  mix¬ 
ture  is  cooled  and  filtered.  There  is  obtained  a  small 
quantity-  (ca.  0.6  g.)  of  a  white  solid  which  is 

[(C2H-;)3NH]-Bl:H12 

as  shown  by  ts  infrared  absorption  spectrum.  The  yield  is 
very  low'.  In  contrast,  the  yield  of  product  obtained  by 
the  process  of  the  invention  and  iUu-trated  in  the  ex¬ 
amples  is  high,  demonstrating  clearly  the  need  for  the 
presence  of  a  tetrahydroborate  in  the  mixture  during  re¬ 
action  at  atmospheric  pressure. 

(B)  A  reaction  vessel  is  charged  with  0.4  g.  of  NaBH4 
and  23  g.  of  (C2H5)3N — BH3,  prepared  as  described 
earlier.  The  mixture  is  stirred  and  heated  at  194-198”  C. 
for  2  hours  in  the  absence  of  B2H6.  He  borane  adduct 
KCsHjljN — BH;]  is  then  removed  by  distillation  and  the 
solid  residue  is  examined  for  B12Hl2-3  anion  by  infrared 
analysis  and  by  reaction  of  an  aqueous  solution  of  the 
residue  with  an  aqueous  solution  of  CsCl.  No  salt  of  the 
BaH«-»  anion  is  detected.  This  test  shews  that  B2Ha  is 
a  necessary  reactant  in  the  process  of  the  invention. 

The  importance  of  the  Lewis  base  in  camming  reaction 
between  diborane  and  the  tetrahydroborate  at  atmospheric 
pressure  by  the  methods  described  in  Examples  1-4  is 
demonstrated  in  the  following  illustrations: 

(C)  A  horizontal  reaction  tube  is  charged  with  2.0  g. 
of  Ni’BHj  and  the  tetrahydroborate  is  heated  to  200”  C. 
Diborane  (2.0  g.)  is  passed  into  the  Tube  and  over  the 
NaBH.j  during  a  period  of  0.5  hour.  The  exit  gases  are 
collected  and  0.9  g.  of  !)2H3  and  0.7  liter  of  hydrogen  are 
recovered.  No  Na2B|aH12  is  isolated;  the  product  in  the 
reactor  is  NaBH4. 

(D)  A  reaction  vessel  is  charged  with  2.0  g.  of  NaBH4 
and  25  ml.  of  saturated  hydrocarbons  of  the  kerosene 
boiling  range.  Diborane  (2.0  g.)  is  bubbled  through  the 
stirred  reaction  mixture  at  200”  C.  for  0.:  hour.  The  vola¬ 
tile  products  are  collected  and  1.33  g.  cf  B2HS  and  1.37 
liters  of  hydrogen  arc  recovered.  The  solid  reaction  prod¬ 
uct  is  dissolved  in  water  and  an  aqueous  solution  of 
(CH3)4NC1  is  added.  No  precipitate  forms  and  no 
aCH3)4N]2Bl:H!2  is  obtained.  The  solid  product  which 
is  present  in  the  vessel  after  reaction  is  principally  NaBH4. 

It  is  evident  from  the  above  data  th-t  the  process  of 
the  invention,  employing  a  tetrahydrehorale  (or  a  tri¬ 
hydroborate  formed  in  situ),  diborane  and  a  Lewis  base 
as  defined  earlier,  leads  to  maximum  utilization  of  the 
boron  components  to  obtain  the  desired  product  (a  salt 
of  the  Bi-Hu-3  anion)  in  high  yield. 

The  dodecahydrododccarborates  obtained  in  the  proc¬ 
ess  of  the  invention  are  useful  in  many  fields.  They  can  be 
used  as  components  of  high  energy  fuels,  e.g.,  rocket 
propellants,  cither  alone  or  in  combination  with  oxidizing 
agents.  They  can  be  used  as  components  of  compositions 
for  flares  and  fireworks  to  impart  a  pleasing  color  and 
sparkle  to  the  display. 

The  dodecahydrododecarborate  salts  are  converted 
into  the  free  acid,  as  described  earlier  in  Example  4,  by 
passage  of  an  aqueous  or  alcohol  solution  of  an  alkali 
metal  or  alkaline  earth  metal  salt  through  a  column 
filled  with  an  acid  ion-exchange  resin.  The  acid,  which  in 
aqueous  solution  has  the  formula  (JLjOi-BijHji  is  useful 
in  industrial  applications,  e.g.,  in  absorption  of  noxious 
gases  from  the  atmosphere  or  in  situations  where  one 
desires  to  avoid  contamination  with  sulfate,  chlorine,  bro¬ 
mide,  chlorate,  phosphate,  and  like  strung  acid  anions. 
Thus,  traces  of  lower  alkyl  amines  [e.g,  (CH3)3N]  in  air 
can  be  removed  by  bubbling  the  contaminated  air  through 
an  aqueous  solution  of  H23!2H,2.  As  a  further  illustration, 
tLv  acid  ta  ■Bwttcuas  suhftiou  is  useful  fw  etching  metals. 
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such  as  steel,  and  for  rust  removal,  for  pickling,  for  scale 
removal  and  for  similar  metal  processing  operations. 

The  alkali  metal  and  alkaline  earth  metal  salts  of  the 
BisHu-2  anion  arc  useful  as  sequestering  agents  for 
metals,  especially  heavy  metals.  To  illustrate,  a  mixture  of 
hydrocarbons  in  the  boiling  range  of  gasoline,  which  con¬ 
tains  in  solution  a  copper  salt  of  an  organic  acid  (copper 
steai ate),  is  thoroughly  agitated  with  an  aqueous  am- 
moniacal  solution  of  Na2B]2H12.  The  hydrocarbon  layer, 
which  is  separated  from  the  aqueous  reagent,  is  com¬ 
pletely  free  of  the  deleterious  copper  salt. 

The  foregoing  detailed  description  has  been  given  for 
clearness  of  understanding  only  and  no  unnecessary  limi¬ 
tations  are  to  be  understood  therefrom.  As  many  appar¬ 
ently  widely  dillcrent  embodiments  of  this  invention  may 
be  made  without  departing  from  the  spirit  and  scope 
thereof,  it  is  to  be  understood  that  this  invention  is  not 
limited  to  the  specific  embodiments  thereof. 

The  embodiments  of  the  invention  in  which  an  ex¬ 
clusive  property  cr  privilege  is  claimed  are  defined  as 
follows: 

1.  A  process  for  preparing  alkali  metal  and  alkaline 
earth  metal  dodecahydrododccaboratcs  which  comprises 
reacting 

(a)  diberane, 

(b)  a  tetrahydroborate  selected  from  the  class  consist¬ 
ing  of  alkali  metal  telrahydroborates  and  alkaline 
earth  metal  telrahydroborates,  and 

(c)  a  compound  selected  from  those  of  the  formulas 
consisting  of  R0(CII2CH20)mR',  R’SR",  RR'R"N 
and  RR'R"P  wherein  R,  R'  and  R"  each  are,  of  up 
to  12  carbon  atoms  and  are  selected  from  the  class 
consisting  of  alkyl  and  cyr.Ioalkyl,  and  R'  and  R"  can 
be  joined  together  to  form  a  ring  with  the  hetero¬ 
atom,  and  wherein  in  is  a  cardinal  number  of  from 
2  to  6  inclusive, 

at  a  temperature  of  at  least  120“  C.  in  the  substantial 
absence  of  oxygen  and  water  and  at  a  pressure  of  about 
one  atmosphere. 

1.  The  process  of  claim  1  in  which  the  temperature  is 
from  120“  C.  to  300“  C. 

3.  The  process  of  claim  1  in  which  the  tetrahydro- 
boratc  is  an  alkali  metal  tetrahydroborate. 

4.  The  process  of  claim  1  in  which  the  tetrahydro¬ 
borate  is  an  alkaline  earth  metal  tetrahydroborate. 

5.  The  process  of  claim  3  wherein  the  aliphalically 

Miutnu*  ?  rt  n  fx.’-'xK'l  1*  m  sKa*  of  tbf-.mks 

R0(CHjCH2O)uR’  -wherein  m  is  a  cardinal  number  of 


from  2  to  6,  inclusive,  and  R  and  R'  each  are  selected 
from  the  class  consisting  of  alkyl  and  cycloalkyl  of  up 
to  12  carbon  atoms. 

6.  The  process  of  claim  3  wherein  the  aliphatically 
5  saturated  compound  is  a  sulfide  of  the  formula  R'SR" 
wherein  R'  and  R"  each  are  selected  from  the  class  con¬ 
sisting  of  alkyl  and  cycloalkyl  of  up  to  12  carbon  atoms, 
and  R'  and  R"  can  be  joined  to  form  a  ring  with  the 
sulfur. 

10  7-  The  process  of  claim  3  wherein  the  aliphatically 

saturated  compound  is  a  tertiary  amir.e  of  the  formula 
RR'R"N  wherein  R,  R'  and  R"  each  are  selected  from 
the  class  consisting  of  alkyl  and  cycloalkyl  of  up  to  12 
carbon  atoms,  and  R'  and  R"  can  be  joined  to  form  a 
2g  ring  with  the  nitrogen. 

8.  The  process  of  claim  3  wherein  the  aliphatically 
saturated  compound  is  a  tertiary  phosphine  of  the  for¬ 
mula  RR'R’’P  wherein  R,  R'  and  R''  each  are  selected 
from  the  class  consisting  of  alkyl  and  cycloalkyl  of  up 

20  to  12  carbon  atoms,  and  R'  and  R"  can  be  joined  to  form 
a  ring  with  the  phosphorus. 

9.  The  process  °f  '•  m  1  wherein  reactants  (a)  and 
(c)  are  premixed  before  contacting  reactant  (b). 

10.  A  process  for  preparing  Na2B12H12  which  comprises 

25  reacting  E;He,  and  N(C2Hs)3  at  a  temperature 

of  from  120“  C.  to  300“  C.  in  the  substantial  absence  of 
oxygen  and  water  and  at  a  pressure  of  about  one  at¬ 
mosphere. 

11.  A  process  for  preparing  Na2BI2H,2  which  comprises 
30  reacting  B2HS,  NaBH,  and  CH30(CH2CH20)4CH3  at  a 

temperature  of  from  120“  C.  to  300“  C.  in  the  substan¬ 
tial  absence  of  oxygen  and  water  and  at  a  pressure  of 
about  one  atmosphere. 

12.  A  process  for  preparing  Na2B,3H12  which  comprises 
35  reacting  B2HS,  NaBH4  and  S(QH3)2  at  a  temperature  of 

from  120*  C.  to  300“  C.  in  the  substantial  absence  of 
oxygen  and  water  and  at  a  pressure  of  about  one  atmos¬ 
phere. 
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a  positive  valence  of  at  least  one.  The  members  of  the 
group  have  the  common  property  of  forming  cations  in 
aqueous  solution. 

In  its  simplest  form  M  is  hydrogen,  i.e.,  H+,  which  in 
aqueous-solution  is  usually  associated  with  one  or  more 


This  invention  rcites  to  new  compounds  containing 
boron  r.nd  to  methods  for  preparing  the  compounds. 
Boron  compounds,  principally  salts  of  boric  acid,  have 


hern  in  commercial  tnc 

|  _  J  ;■ 

boron  compounds,  e.g.. 
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ilrides,  have  addeved  tec 

employing  o>  i’.ll/ing  and 
potential  applications,  h 
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boron  compounds  arc 

1  1 1 

oxi. lathe  nr  ('tiler  types 

**  to 

boraue,  chlorodifcorane, 

pei!taboranc(9)  and  trialkyl- 
boron  compounds  ate  spontaneously  flammable  in  air. 
D, bonne,  pcntabnruncCJ),  cltlorodiborann,  boron  tri¬ 
chloride,  iododtvtibor.tncf  14),  and  most  other  boron 
halides  ate  hydrolyzed  rapidly  in  water  or  alcohol.  Even 
the  most  stable  known  burohydiide,  i.e.,  decaboranc(l4), 
is  hydrolyzed  at  a  moderate  rate  in  water.  Known  ionic 
borohydrldcs,  c. tetrahy  droborr.tcs  (NaBH4,  and  the 
Iil.e),  are  hydrolyzed  at  a  rapid  rate  at  100°  C. 

A  broad  class  of  boron  compounds  has  now  been  pre¬ 
pared  which  show  good  hydrolytic  ar.d  oxidative  stability. 

The  novel  boron  compounds  of  Hit's  invention  are  poll’- 
hydrojv.lvboratcs  which  consist  of  (1)  an  anion-forming 
group  of  20  conjoined  boron  atoms  and  18  hydrogen  atoms 
each  bonded  to  boron,  and  (2)  a  calion  which  is  hydro¬ 
gen,  hydrenium.  a  me'.nl,  a  nictal-amminc  complex  of 
the  Werner  type,  quaternary  ammonium,  aryldiazonium, 
S-'iibsiltu’ed  Milfonium  and  P-substitutcd  phosphonium. 

Hie  compounds  arc  defined  also  by  the  following 
formula: 

M.(B:oHla)b  (1) 

where  M  is  hydrogen  (II*)  or,  in  its  hydrated  form, 
hydrnniutn  (ll;0'  ),  a  metal,  a  mc.tal-amrninc,  R4N+, 
ArN  — Nf,  RjS*-,  and  H4P+,  where  R  represents  an  organic 
group  and  Ar  represents  an  aryl  group;  a  and  b  are  the 
smallest  whole  ntimbcts  which  satisfy  the  following 
equation: 

,  a  X  valence  of  M 
b  =  — 


molecules  of  water  to  form  a  hydrated  ion,  e.g.,  the  hydro- 
nium  group  (HsOh). 

The  group  M  can  also  be  derived  from  any  metal. 
The  metals  according  to  the  Periodic  Table  in  Deming’s 
]()  “General  Chemistry,”  5th  ed.,  Chapter  II,  John  Wiley  & 
Sons,  Inc.,  and  in  Lange's  “Handbook  of  Chemistry,”  9th 
ed.,  pp.  56-57,  Handbook  Publishers,  Inc.  (1956)  are  the 
elements  of  Groups  I,  If,  VII,  III-B,  IV-B,  V-B,  VI-B, 
VII-B,  and  the  elements  of  Groups  I1I-A,  IV-A,  V-A, 
15  and  VI-A  which  have  atomic  numbers  above  5,  14,  33, 
and  52,  respectively.  The  metals  can  be  light  or  heavy 
metals.  To  illustrate,  M  can  be  lithium,  sodium,  potassium, 
cesium,  beryllium,  barium,  lanthanum,  manganese,  iron, 
cobalt  copper,  zinc  mercury,  aluminum,  thallium,  tin, 
•20  lead,  silver  or  any  other  metal.  Preferred  metals  are  those 
whose  valences  are  1-3,  inclusive. 

An  especially  preferred  group  of  metals  from  which  M 
can  be  derived  consists  of  dements  of  Groups  I-A,  fl-A, 
I-B  and  II-B  having  atomic  numbers  up  to  and  including 
25  80.  Most  preferred  metals  are  the  alkali  and  alkaline 


45 


2  (2) 
The  compounds  of  the  invention  are  prepared  by  oxidiz¬ 


ing  a  decahydrodccaboratcf  2-),  i.e.,  a  compound  contain¬ 
ing  the  anion  BioHio-*  The  resulting  oxidized  product 
can  be  contacted  with  a  reactant  containing  the  desired 
cation  M  and  a  compound  of  Formula  1  is  isolated  from 
the  reaction  mixture.  Processes  for  obtaining  the  com¬ 
pounds  of  the  invention  arc  described  more  fully  in  later 
paragraphs. 

The  compounds  of  Formula  1  are  composed  of  two 
principal  components  which  arc  represented  by  M  and 
<BmH„).  Each  of  these  groups  will  be  discussed 
separately. 

THE  COMPONENT  M 


The  component  M  can  consist  of  one  element  or  more 
than  one  element.  To  simplify  the  discussion,  this  com¬ 
ponent  will  also  be  referred  to  as  a  group.  The  group  is 
ionically  bonded  to  the  B:3Hib  component  and  the  pri¬ 
mary  function  of  the  group  is  to  provide  the  positive 
ionic  charges  needed  to  form  a  complete  compound.  The 
component  M  is  a  member  of  the  group  described  previ¬ 
ously  lirFonnitl!  I  wJivb  iraiwbw  i|  Ilk’  giiwp  bvm 
one  or  more  positive  ionic  charges,  i.e.,  each  member  has 


earth  metals,  i.e.,  lithium,  sodium,  potassium,  rubidium, 
cesium,  beryllium,  magnesium,  calcium,  strontium,  and 
barium. 

The  group  M  can  be  a  combination  of  a  metal  with 
30  ammonia  or  an  amine,  to  form  a  Werner-type  coordina¬ 
tion  group  usually  referred  to  as  mctal-ammines.  Examples 
of  cations  of  this  type  are  as  follows: 

[Ni(NH,)6]+»,  [Zn(NH3)4l+3,  [Co(NH3)6]«, 
[Cu(NH3)4]+2,  [Co(NHsC:H4NH2)3]+3, 
[Ni(dipyridyl)3]+3, 

and  the  like. 

The  component  M  can  be  a  group  having  the  formula 
R4N+,  R3S+  or  R^"-,  where  R  is  an  organic  group  bonded 
to  nitrogen,  sulfur  or  phosphorus.  The  R  substituents  are 
net  critical  features  of  these  cation  groups.  Preferably  R, 
for  reasons  of  availability  of  reactants,  contains  at  most 
IS  carbon  atoms  and  can  be  alkyl,  alkenyl,  cycloalkyl, 
cycloalkenyl,  aryl,  alkaryl,  aralkyl,  cynnoaikyl,  hydroxy- 
nlkyl  or  haloalkyl.  To  illustrate,  R  can  be  methyl,  propyl, 
2-cthylbexyl,  octadecyl,  ally!,  cyclohexyl,  cyclohcxenyl, 
phenyl,  naphthyl,  anthryl,  eyclohexylpbenyl,  diphenylyl, 
benzyl,  chloroethyl,  w-cyanoamyl,  /3-hydroxyethyl,  p-hy- 
droxyphcnyl,  and  the  like.  In  an  especially  preferred 
group,  R  is  an  aliphatically  saturated  hydrocarbon,  i.e., 
a  hydrocarbon  free  of  olefmie  and  acetylenic  bonds,  of  up 
to  12  carbons,  e.g.,  ethyl,  butylv  isobulyi,  octyl,  dodecyl, 
methylcyclohexyl,  tolyl,  ethylphenyl,  and  the  like. 

The  group  M  can  be  aryldiazonijm,  i.e.,  a  group  of  the 
formula  ArN2+,  where  Ar  represents  an  aryl  group,  prefer¬ 
ably  a  hydrocarbon  aryl  group  of  at  most  12  carbons,  e.g., 
phenyl,  tolyl,  xylyl,  naphthyl,  diphenylyl,  and  the  like. 

The  valence  of  the  group  (or  cation)  M  will  be  be¬ 
tween  1  and  3,  i.e.,  M  can  have  a  valence  of  1,  2  or  3. 
In  most  cases  the  valence  of  M  will  be  1  or  ?..  The  group 
of  compounds  in  which  the  valence  of  M  is  at  most  2  are 
obtained  from  readily  available  reactants  and  thus  form 
a  preferred  group. 

THE  GROUP  (B30H„) 

The  novel  and  characterizing  feature  of  the  compounds 
of  the  invention  is  the  polyhydropolyborate  group 
(BcoHie)-3.  The  group  is  represented  generically  as  hav¬ 
ing  a  negative  ionic  charge  of  2  and  the  group,  therefore, 
behaves  in  chemical  reactions  as  a  divalent  anion.  The 
etnutp  tlwunl’i-ISy  ii  rvccpJ  iuiieHy  sfxbdp  Tbe  Loro*  cage 
is  not  easily  decomposed  by  hydrolysis,  oxidation  or 
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reduction  ;iml  it  is  resistant  to  thermal  decomposition. 
The  group  is  iinchanrcd  in  simple  metathclic  reactions,  a 
property  sshich  ..Hows  the  preparation  of  a  broad  range 
of  s.iits  in  which  t~c  cation  is  represented  by  M,  as  de¬ 
fined  earlier.  1  he  .-'roup  (ti;oHia)~2  undergoes  electro¬ 
philic  substitution  re  ctions  in  a  manner  which  resembles 
the  behavior  of  csrhocyclic  aromatic  compounds,  e.g., 
benzene  and  naphthalene,  to  obtain  compounds  in  which 
1  to  IS  h/droiuns  bonded  to  boron  are  replaced  by 
monovalent  substituents  (organic  and  inorganic).  The 
behavior  of  the  bcfon-con'uining  group  is  particularly 
surprising  in  view  cf  the  inorganic  composition  of  the 
group,  lhc  stability  cf  the  group  permits  the  preparation 
of  a  wide  range  oi  novel  boron-containing  compositions. 

CHARACTERISTICS  OF  THE  COMPOUNDS 


Oxidation  of  the  decahvdrodecaborate  reactant  is  ac¬ 
complished  either  chemically  or  electrolytically. 

In  chemical  oxidation  the  oxidizing  reagent  or  oxidant 
is  a  compound  having  as  a  characteristic  component  a 
metal  of  variable  vrder.ee,  which  metal  is  in  its  highest 
valence  state,  said  compound  having  an  oxidation-reduc¬ 
tion  potential  in  acid  solution  of  about  —1.33  to  about 
—  1.61  volts.  The  oxidation-reduction  potential  of  a  com¬ 
pound  is  a  recognized  and  measurable  property  for  which 
values  are  found  in  readily  available  texts,  c.g.,  “Oxidation 
Potentials,"  by  W.  G.  Latimer,  2nd  ed.,  Prentice-Hall, 
New  York  (1952),  particularly  p.  344.  Examples  of 
classes  of  compounds  which  are  operable  in  the  process 
are  dichromates,  auraies,  higher  oxides  of  lead,  manganic 
3  salts,  permanganates,  higher  oxides  of  bismuth  and  salts 
of  tetravalcnt  cerium. 


'Die  compounds  arc  generally  crystalline  solids  with 
the  high-melting  poii.is  which  are  characteristic  of  salts. 
They  tire  stable  under  conventional  storage  conditions 
and  c..n  be  kept  fer  prolonged  periods  without  decom¬ 
position. 

The  acid  of  the  divalent  union  and  stilts  of  colorless 
cations  derived  ficm  the  acid  are  yellow  in  color.  The 
avid  .md  '■alts  are  federally  soluble  in  hydroxylated  sol¬ 
vents.  e.g.,  water,  a  coi.el,  and  lhc  like,  to  form  intensely 
yellow  •  elutions.  '1  b.v»»  compounds  show  characteristic 
and  identify  in;;  absorption  bands  in  the  infrared  spectrum 
tit  approximately  i<*e  following  wave-lengths  (expressed 
as  microns):  11.3,  medium;  11,5,  strong;  12.1,  strong; 
12.8,  medium;  13.4,  strong;  13.7,  medium  shoulder;  14.4, 
strong;  and  15.0,  strong.  Shifts  in  the  characteristic  bands 
can  occur  through  the  influence  of  the  cation  in  the  com¬ 
pound  anJ  some  variation  in  the  above  values  may,  there¬ 
fore,  be  r.oted, 

'Hie  following  examples  illustrate  the  compounds  of 
the  invention: 

T.ijB:;!fi,,  n-A-.U,..  CaB  20U15,  SrB;oIIi3 

Italian-..  Mn(H20)0B-oH18 

Fe(H:0)6it;;!I..,  Get  1 1:0)CBS9H13,  Ni(H2O)cE20H,8 
Znli:5il,„  CMU-S!:-.  Hg»MHI8,  SnB20H,6,  PbB20H18 
/iuNMj),I1;;Hi:,  ICo(NH3)6]j(B20H!S)3 
Cu(NH,),B;Jt,t.  I  tCH3);S|:B28Hi8,  f  (QH9)4Pl2n:3Hia 
I(C’aHJ«N!sB...'f.„  l(CcI!5C:i!2)(CH3)3N]2B23Hia 
IC:II5(CI!j):N!:BkH:3,  (CcH5N=N)2B23H18 
(CH3C,U4N-N)2i!„Hie,  H2U2oH18,  (IT.CUAoHh, 

and  the  like. 

PREPARATION  OF  THE  COMPOUNDS 

The  compounds  of  Formula  1  are  prepared  by  oxidizing 
a  compound  of  the  formula 


The  chemical  oxidation  process  is  conducted  by  simple 
and  uncomplicated  procedures  in  conventional  equipment. 
A  solvent  is  generally  employed  which  preferably  is  liy- 
20  droxylated,  e.g.,  mclhiaol,  ’.rater,  and  the  like.  Water  is 
most  conveniently  used  and  it  is  therefore  the  preferred 
solvent. 

The  ratio  in  which  the  reactants  are  employed  is  not 
a  critical  factor  for  operability.  However,  the  use  of  an 
r.j  excess  of  oxidant  may  lead  to  a  decrease  in  yield  of  the 
desired  product.  It  is  preferable  to  employ  at  most  two 
oxidation  equivalents  of  the  oxidant  (based  r.i  the  metal) 
per  mole  of  B;c,Hio-J  salt  cr  acid  used  in  the  process. 
The  preferred  mole  ratio  of  oxidant  to  polyhydropoly- 
gll  borate  can  be  determined  by  methods  described  in  Hand¬ 
book  of  Chemistry  and  Physics,  38th  ed.,  p.  1588,  Chem¬ 
ical  Rubber  Publishing  Co.  (1956). 

Pressure  is  not  a  critical  factor  in  the  process  and 
atmospheric  pressure  is  normally  used.  However,  if  dc- 
03  sired,  pressures  higher  or  lower  than  atmospheric  can 
be  employed.  The  temperature  of  the  reaction  is  also  not 
critical.  Normally,  the  reaction  is  conducted  at  prevail¬ 
ing  atmospheric  temperature  "cut  temperatures  as  low  as 
0°  C.  and  as  high  as  100°  C.  can  be  employed.  Preferred 
go  temperatures  of  operation  tie  between  about  10°  and 
75°  C. 

The  reaction  proceeds  rapidly  and  a  measurable  quan¬ 
tity  of  product  is  obtained  within  a  short  time.  Normally 
the  reactants  are  maintained  in  contact  for  a  sufficient 
45  period  to  assure  maximum  yield.  The  time  of  reaction  can 
range  from  a  few  minutes  to  24  hours  or  more. 

In  the  opcrtition  of  the  process  it  is  preferable  (al¬ 
though  not  essential)  to  aid  the  oxidant  to  .the  dcca- 
borate  to  reduce  the  vigor  of  the  reaction  and  to  obtain 
r.0  the  maximum  yield  of  desired  product.  Normally,  there¬ 
fore,  the  reaction  vessel  is  charged  with  the  solvent  and 
the  dccahydrodecaborate.  The  chemical  oxidant,  which 


M.(BioHio)b'  (3) 

where  M  is  a  cation,  i.e.,  a  group  which  forms  a  positively 
charged  ion  in  1J20,  preferably  having  a  valence  of  1-3 
and  a'  and  b'  arc  defined  as  the  smallest  whole  numbers 
which  satisfy  the  equation: 

26’=a'Xvalcnce  of  f  {  (4) 

The  compounds  of  Formula  3  which  are  employed  as 
reactants  arc  not  commonly  known  and  preparation  of 
representative  compounds  is  described  in  the  examples. 
Any  dccahydrodecnboratc(2“)  can  be  employed,  i.e., 
compounds  in  which  M  is  any  group  which  can  form  a 
cation  in  water,  are  operable.  For  reasons  of  availability 
and  cost,  it  is  preferred  to  use  decahydrodecaborates  of 
Formula  3  in  which  M  is  hydrogen,  hydronium,  am¬ 
monium,  substituted  ammonium,  an  alkali  metal  or  an 
alkaline  earth  metal.  Specific  illustrations  of  the  classes  of 
preferred  reactants  are  H2B)0Hio  and  its  hydrates, 
Na:B10Hl0,  CsAjHnj,  K2BioHj0,  Li2BioH;o,  BaBitH10l 
CaBjoHjc,  N!SB10H;>  (NH4)2BInHI0,  [(CH3)«N)2B10H10, 
((CnHshNHhBioHu.  ((CH3)2NH212BjoH;o,  and  the 
like.  llyd-rnHt  r  f  the  e;«  atee  be  J. 


is  conveniently  bandied  in  solution,  is  added  gradually  to 
the  vessel  at  a  rate  which  provides  a  controllable  reac- 
35  tion.  After  all  of  the  oxidant  has  been  added,  the  reaction 
mixture  can  be  stirred  for  a  short  period  and  a  solution 
containing  the  desired  cation  (M)  is  added.  The  poiy- 
borate  salt  frequently  precipitates  at  this  point  but,  in 
the  event  precipitation  does  not  occur,  the  solution  is 
00  evaporated  to  a  volume  at  which  the  solid  separates.  The 
product  is  purified  by  conventional  procedures  to  obtain 
a  salt  of  the  divalent  anion, 

The  electrol)  tic  oxidation  process  is  conducted  by  well 
known  procedures  which  are  described  in  texts,  e.g.,  see 
05  Glasslone,  “Introduction  to  Electrochemistry,”  Chapter 
XV,  D.  Van  Nostrand  Co.,  Sih  ed.  (1951).  The  decahy- 
drodccaborate  salt  is  dissolved  in  an  aprotic  solvent  to 
provide  a  solution  of  satisfactory  conductivity  to  which 
sufficient  current  is  applied  to  release  gas  (hydrogen)  at 
70  the  cathode.  An  aprotic  solvent  is  a  liquid  which  has  no 
tendency  to  release  or  to  accept  protons  (see  Moeller, 
"Inorganic  Chemistry,”  p.  312  (1954),  Wiley  &  Sons, 
Inc.). 

The  solvents  employed  in  the  process  are  usually  polar 
16  urtiwttc  ILjpEus,  e.6.,  iui.iitS,  LuLim,  rti^ogen  buSv»,  N.N- 
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disubstitutcd  amides,  and  the  like.  Examples  of  suitable 
solvents  arc  acetonitrile,  pyridine,  N,N-dimclhylaniline, 
dimethylformamidc,  and  combinations  of  these  liquids. 
A  current  of  at  least  one  ampere  and  one  volt  is  usually 
employed.  These  conditions  arc  not  critical  and  they  are 
used  solely  to  illustrate  a  satisfactory'  method  of  opera¬ 
tion.  The  process  is  conducted  conveniently  at  atmos¬ 
pheric  temperature,  i.e.,  about  25°  C.  although  lower 
and  higher  temperatures  can  be  used,  e.g.,  as  low  as  0° 
C.  or  as  high  as  100°  C.  The  preferred  temperature  range 
lies  between  10°  and  60°  C. 

The  salt  is  isolated  in  the  electrolytic  oxidation  process 
by  methods  described  for  the  chemical  oxidation  process. 

Metaihctic  reactions. — Compounds  of  Formula  1, 
wherein  :M  includes  the  group  of  cations  as  defined  for 
Formula  1  are  obtained  by  simple  metathclic  reactions. 
To  illustrate,  an  aqueous  solution  of  a  compound  of  For¬ 
mula  1,  where  M  is  (CH2)4N +  is  contacted  with  a  strong 
acid  or  with  a  strongly  acidic  cation  exchange  resin  to 
obtain  a  free  netd,  i.e.,  a  compound  of  Formula  1  in 
which  M  is  H,  The  acid,  generally  in  solution,  is  reacted 
with  oxides  of  nictals,  hydroxides  of  metals,  salts  of 
metals  (both  organic  and  inorganic),  quaternary  nitro¬ 
gen  bases,  sulfonium  hydroxides  or  halides,  phosphonium 
hydroxides  or  halides,  uryldiazoniuin  hydroxides  or  ha¬ 
lides,  and  similar  types  of  compounds  to  obtain  products 
of  Formula  1  which  have  the  desired  cation  M.  In  a 
process  employing  an  ion-exchange  resin,  strongly  acidic 
resins  of  the  sulfonic  acid  variety  arc  preferred  because 
of  availability,  c.g.,  "Amberlite”  IR-120-H  and  “Dowex” 
50.  The  acid,  so  obtained  in  aqueous  solution,  can  be  re¬ 
acted  with  nitrates,  chlorides,  bromides,  acetates,  benzo¬ 
ates  and  similar  salts  of  metals  or  other  bases  to  obtain 
salts  of  Formula  1. 

To  illustrate,  an  aqueous  solution  of  Cs2B20Hla  is 
passed  through  a  column  packed  with  a  commercial 
cross-linked  polyarylsulfonic  acid  to  obtain  in  aqueous 
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obtained  by  the  process  described  above  are:  Na2B20Hie, 
K-bstjHig,  Li2B22Hia,  Cs2B22Hig,  MgB2aHia,  BaBggHig, 
CaB2aHja,  and  SrB2aHia. 

Water-insoluble  heavy  metal  salts  of  the  acids  can  be 
r,  prepared  by  adding  a  water-soluble  heavy  metal  salt,  e.g., 
silver  nitrate  or  mercuric  nitrate,  to  an  aqueous  solution 
of  H2B20Hig,  whereupon  the  heavy  metal  salt  of  the 
anion  precipitates  out  as  a  light  colored  solid.  The  salts 
formed  In  this  procedure  arc  usually  anhydrous.  Examples 
ID  of  heavy  metal  salts  which  can  be  prepared  by  this  meth¬ 
od  are:  HgB20Hla,  rbB20H]C,  and  Ag2B20H:a.  The  pro¬ 
cedure  is  generic  to  the  preparation  of  metal  salts  of  the 
compounds  of  the  invention. 

Nitrates,  carbonates,  chlorides  or  oxides  of  metals  can 
15  be  used  to  prepare  the  salts  by  the  methods  described 
earlier. 

Light-sensitive  salts,  e.g.,  the  silver  salt,  are  preferably 
prepared  under  conditions  providing  minimum  exposure 
to  light  although  exclusion  of  light  is  not  essential  for 
20  operability. 

Compounds  of  Formula  1,  where  M  is  an  alkali  or 
alkaline  earth  metal,  e.g.,  Na,  K,  Cs,  Ca,  Ba,  Mg,  and 
Sr,  can  undergo  simple  mctathetic  reactions  with  other 
salts  to  effect  an  exchange  of  cations.  Thus,  Na2B20Hj8 
2.5  or  K2B20Hia  can  be  reacted  in  aqueous  solution  with 
benzenediazonium  hydroxide,  trimethyisulfonium  iodide, 
tetrnbutyiphosphonium  chloride,  and  the  like,  to  form 
compounds  of  Formula  1  having  benzenediazonium,  tri- 
methylsulfonium,  tetrabutylphosphonium,  and  the  like,  as 
30  cations.  These  illustrations  are  not  limiting  and  they 
demonstrate  the  breadth  of  mctathetic  reactions  which  can 
be  used. 

Compounds  of  the  invention  in  which  the  group  M  is 
a  metal,  particularly  a  transition  metal,  or  a  Wemer-type 
33  complex,  frequently  contain  solvent  of  crystallization 
when  isolated  by  conventional  methods.  The  solvent, 
c.g.,  water,  can  be  bound  loosely  in  the  lattices  of  the 


solution  the  acid  H2B20Mi3.  The  aqueous  solution  is  evap¬ 
orated  under  reduced  pressure  to  obtain  the  crystalline 
acid  generally  as  a  solid  hydrate  having  up  to  12  or  more 
molecules  of  water.  The  number  of  molecules  of  water 
present  in  the  crystalline  hydrated  acid  is  not  a  critical 
factor  in  obtaining  the  free  acid.  However,  for  maximum 
stability  in  storage,  a  crystalline  acid  having  at  least  4 
moles  of  water  of  hydration  per  mole  of  acid  is  pre¬ 
ferred. 

The  acid  is,  in  fact,  most  conveniently  handled  as  a  hy¬ 
drate.  In  the  hydrated  form  part  of  the  water  of  hydra¬ 
tion  is  considered  to  be  associated  with  each  ionizable 
proton  and  the  crystalline  acids  can  be  represented  as 
having  hydrated  protons,  e.g.,  (H3O)2B20HiS, 

(HjO )  B20H]»  •  2H20 
(K5,0)2BjoH18-4H20 
(H30)2B2aHia-7Hj0 

(H3O)2B20Hia- 10H2O,  and  the  like. 

For  many  purposes,  it  is  not  necessary  to  isolate  the  acid 
from  solution.  Solutions  of  the  acid  can  be  employed  di¬ 
rectly,  for  example,  in  metalhetic  reactions. 

Metal  salts  of  the  invention  can  be  prepared  by  neutral¬ 
ization  of  the  adds,  obtained  as  described  above  in 
aqueous  or  alcohol  solution  with  an  aqueous  solution 
or  suspension  of  an  inorganic  base,  e.g.,  an  alkali  or 
alkaline  earth  metal  hydroxide.  The  resulting  aqueous 
solution  of  the  metal  salt  of  the  (B20Kla)-:!  anion  is  con¬ 
centrated  by  evaporation  of  water  or  alcohol  until  the 
salt  crystallizes  out.  In  many  cases  the  salt  may  precipi¬ 
tate  during  its  preparation  and  evaportaion  of  the  solution 
is  not  necessary.  The  crystalline  salt  is  dried  under  reduced 
pressure,  e.g.,  0.1  mm.  of  mercury,  and  moderately  ele¬ 
vated  temperature,  e.g.,  50-100°  C.  The  metal  salts  fre¬ 
quently  contain  water  of  hydration  which  can  be  re¬ 
moved  by  heating  for  several  hours  at  a  temperature  of 
atotrt  2  jj°  C.  under  law  e  g ,  0  I  ftwu  cf  mer¬ 

cury  or  lower.  Specific  examples  of  salts  which  can  be 


crystals  or  it  can  be  associated  by  stronger  bonds  with  the 
metal  cation  or  Wcrncr-typc  complex  cation.  Solvent  of 
“to  crystallization,  entrapped  in  crystal  lattices,  is  removed 
easily  by  well-known  procedures,  e.g.,  heating  under  re¬ 
duced  pressure.  Solvent  cf  crystallization  which  is  asso¬ 
ciated  with  the  cation  is  more  difficult  to  remove,  and  for 
most  applications,  it  is  not  necessary  to  remove  com- 
43  plcloly  this  type  of  bound  solvent.  Salts  containing  sol¬ 
vent  of  crystallization,  in  particular,  salts  with  water  of 
crystallization,  are  within  the  scope  of  the  compounds 
of  this  invention. 

The  products  of  the  invention  and  processes  for  ob- 
60  taming  them  are  illustrated  in  the  following  examples. 
The  preparation  of  a  representative  compound  of  the 
type  My(Bi0n!0)b>,  which  is  employed  as  a  principal  re¬ 
actant,  is  also  illustrated. 

5-  Example  A 

(A)  Preparation  of  bis(dimeihyl  sulfide)dccaborane 
(12). — A  reaction  vessel  having  a  capacity  of  about  365 
g.  or  water  is  charged  with  0.79  g.  of  decnborane(14), 
cooled  in  liquid  nitrogen,  and  then  evacuated  to  a  pres- 

G0  sure  of  10  microns  of  mercury.  Approximately  21  g.  of 
dimethyl  sulfide  is  condensed  onto  the  decaborane  in  the 
reaction  vessel.  The  reaction  vessel  is  closed,  allowed  to 
warm  to  room  temperature  and  stand  for  4  days.  During 
this  time  6.6  millimoles  of  hydrogen  is  evolved.  The  re- 
05  action  vessel  is  opened  and  excess  dimethyl  sulfide  is  re¬ 
moved  by  distillation,  leaving  a  practically  quantitative 
yield  of  white  solid  residue  of  BI0HI2-2(CH5)2S.  The 
compound  is  recrystallizcd  from  ethyl  acetate  and  it  melts 
at  122-124'  C.  The  compound  is  called  bis(dimethyl 
70  su!fide)decarborane(12). 

The  above  procedure  is  equally  operable  with  other 
organic  sulfides. 

(B)  Preparation  of  M2B1CHU  (where  M  is  NH«). — 

Wi&h.  etti#  (i.-5  g*}  fe  infeed 

73  with  50  ml.  of  liquid  ammonia  and  stirred  in  a  round- 
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bottom  reaction  vessel  for  I  hour  with  the  vessel  being 
cooled  to  a  temperature  of  about  — 50°  C.  by  partial 
immersion  in  a  bath  of  a  mixture  of  solid  carbon  dioxide 
and  acetone.  The  cooling  bath  is  then  removed  and  the 
excess  ammonia  is  allowed  to  evaporate  with  stirring.  The 
icmaming  traces  of  ammonia  are  removed  by  subjecting 
the  residue  to  a  lii'th  vacuum  (0.01  mm.  of  mercury)  at 
25’  C.  there  is  obtained  5.6  g.  of  solid  residue  which  is 
sittualiy  a  quantitative 5  ield  of  (NU4)2BioH10. 

Example  I 

(A)  A  reaction  vcs«cl  is  charged  with  100  ml.  of  water 
and  1.46  g.  of  (N! l,);t!.,Hl0.  The  mixture  is  stirred  and 
a  solution  of  5.4  g.  of  Ce(NH4)2(N03)G  in  80  ml.  of 
water  is  added  gradually.  Evolution  of  gas  occurs  and  a  jg 
deep  bh.e-siolet  solution  forms.  A  concentrated  aqueous 
solution  of  (Clli)jNCI  is  added  to  the  reaction  mixture 
with  stirring  and  in  sufficient  amount  to  precipitate  com¬ 
pletely  a  siolct-colu.ed  solid.  The  solid  is  separated  by 
till  ration  and  it  is  puritied  by  crystalli/ation  from  hot 
water  to  yield  ti  e  yellow  compound,  bis(lctram*;thj'lani- 
monimn  t  oelndec.nhydrfvcico-aboratc(2~). 

The  compound  i.  soluble  in  acetonitrile,  hot  methanol 
and  hot  water.  The  identity  of  the  product  is  confirmed 
by  clcmcnta!  analysis. 

A ntiivisix. — Ca led.  for  [ (Cir3)iN12n-:H,a:  C,  25.10; 

If,  11.1)6;  N.  7.52;  11.  56.54.  Found:  C,  26.2S;  H,  11.49, 

N.  7.55,  7. SO;  B.  54.2S. 

The  identity  of  the  compound  is  further  confirmed  by 
measuring  the  number  of  moles  of  hydrogen  obtained 
from  the  boron  moiety  (Ih-jilm)  upon  complete  hy¬ 
drolysis  to  boric  ..cid.  The  values  for  moles  H2,  obtained 
per  mole  ( (OIJ, N  h'd.wllu,  arc  as  follows:  Calctt.,  40.0; 
found,  59.901  and  40.086. 

(11)  The  above  process  is  repeated  employing  the  same  35 
quantity  of  reactants  lut  the  quantity  of  gas  which 
evolves  is  measured.  In  ;.vo  hours  a  total  of  20  ml.  of 
gas  is  leleased  in  the  process.  Aqueous  (CH3)4NOH  solu¬ 
tion  is  ..dJed  to  the  reaction  mixture  to  precipitate 
I  (UiIj)iNMl~M:s.  Elemental  analysis  of  the  product 
yields  the  follow  ing  data:  C,  23.92;  H,  10.93;  N,  7.04, 
6.97;  B,  56.83. 

The  infrated  spectrum  of  [(CH3)4N12B2oHi3  in  a  Nujol 
mull  shows  many  absorption  bands  of  which  the  most 
representative  arc  as  follows  (exptessed  as  microns): 
3.99,  very  strong;  4.05,  very  strong;  6.76,  strong;  7.10, 
medium;  7.S0,  medium;  10.57,  strong;  11.26,  medium; 

If. 50,  strong;  12.12,  strong;  12. S3,  medium;  13.41,  strong; 
13.70,  medium,  shoulder;  14.41,  strong,  and  15.08,  strong. 

The  ultraviolet  spectrum  of  [(CH3)4N]2B20Hla  in  solu-  50 
tion  in  acetonitrile  shows  major  absorption  maxima  at 
292  m*i  and  233  ntji;  the  extinction  coefficients  are  8260 
and  18.000,  respectively. 

X-ray  single  crystal  data  show  that  the  letramcthyl- 
nmnionimn  salt  has  the  monoclinic  structure.  The  lattice 
constants  for  this  salt  arc  as  follows:  a  sin  /9=  12.06; 
6—15.85,  and  c— 13.50.  The  ceil  weight  constant  corre¬ 
sponds  to  4  molecules  of  [(GH3)4N]2B20H|a  per  unit  cell. 

The  magnetic  susceptibility  of  solid  [(CH3)4N]2B23Hia 
is  ■  r».64 X  U/-*  E.M.!3./g.,.rav'«it,g  that  the  ivinpuiin?  is  Gj 
diamagnetic. 

The  electrical  conductivity  of  the  above  salt  is  deter¬ 
mined  in  aqueous  solution  at  various  concentrations  and 
from  the  data  a  plot  is  made  of  the  equivalent  con¬ 
ductance  of  the  solution  as  a  function  of  the  square  root  05 
of  the  concentration  of  the  salt.  The  data  show  that  the 
compound  is  a  1-2  electrolyte. 

Example  II 

A  reaction  vessel  is  charged  with  7.7  g, 
(NH^-Bi-Hio  and  350  ml.  of  water.  The  mixture  is 
stirred  and  there  is  added  gradually  a  solution  consisting 
of  23  g.  of  Cc(NH4)4(S04)4-2Ha0,  250  ml.  of  water  and 
75  ml.  of  concentrated  H2S04.  The  mixture  is  stirred 
overnight  (ca.  15-20  hours)  and  it  is  ihcn  filtered.  Aque¬ 


ous  (CH3)4NOH  solution  is  added  to  the  clear  filtrate.  The 
yellow  precipitate  which  forms  is  separated  and  recrys- 
tallizod  from  hot  water  to  obtain  pure  [(CH3)4N]2B2oHi8. 
Elemental  analysis  yields  the  following  data:  C,  24.13; 
H,  11.34;  B,  56.39. 

Examples  I  and  II  illustrate  the  process  o£  the  inven¬ 
tion  in  which  the  mole  ratio  of  the  Cc^«  reactant  to  the 
Bioliio-2  reactant  is  about  1:1.  The  yields  of  desired 
B2oHia-J  under  these  conditions  are  gene: ally  not  over 
50%  of  the  theoretical  yield. 


Example  HI 


A  reaction  vessel  is  charged  with  15.4  g.  of 
(NH4)2B;0H10  and  250  ml.  of  water.  The  mixture  is 
stirred  and  a  solution  consisting  of  126.4  g.  of 
Ce(NH4)4(SO.)4-2H20.  1000  ml.  of  water  and  50  ml.  of 
concentrated  H2S04  is  added  slowly  over  a  period  of  3 
hours.  During  the  addition  the  orange  solution  containing 
the  Ce-t4  ion  is  decolorized  and  a  white  solid  precipitates. 

20  The  precipitate  is  separated  and  it  is  shown  by  infrared 
analysis  to  be  Ce2(S04)3. 

The  filtrate  is  stirred  and  a  solution  consisting  of  25  g. 
of  (CH3)4NOH  in  100  ml.  of  H:0  is  added.  A  volumi¬ 
nous  white  precipitate  forms  which  is  separated  by  filtra¬ 
tion.  The  solid  is  rccrystallized  from  an  acetonitrile- 
water  solution  to  obtain  17.7  g.  of  yellow  crystalline 
[(CH^iNj-B-oH-jj.  Elemental  analysis  yields  the  follow¬ 
ing  average  data:  C,  24.46;  H,  10.96;  N,  7.23. 

Example  III  illustrates  the  oxidation  process  in  which 
the  mole  ratio  of  the  Cei<  reactant  to  the  BioH;o~2  re¬ 
actant  is  about  2: 1.  Under  these  conditions  high  yields  of 
BjoH,a-2  salts  are  obtained. 


Example  IV 


A  reaction  vessel  is  charged  with  100  ml.  of  water,  3 
ml.  of  concentrated  H2S04  and  4.62  g.  of  (NH4)2BioHln. 
The  mixture  is  stirred  and  a  solution  of  1.47  g.  of 
K2Cr207  in  50  ml.  of  water  and  15  ml.  of  concentrated 
40  H2S04  is  added  gradually  at  prevailing  atmospheric  tem¬ 
perature  (about  25*  C.).  The  color  of  the  solution,  which 
initially  is  yellow,  chances  through  several  shades  to  the 
greenish  color  of  the  trivalcnt  chromium  ion.  The  mixture 
is  stirred  vigorously  for  a  short  time  and  some  gas  evolves. 
An  aqueous  solution  cf  (CH3)4NOH  is  added  and  a 
fioccuicnt  prccipittae  forms.  The  precipitate,  which  is 
[(CH3)4N]2BHHia,  is  separated  and  recrystallized  from 
aqueous  acetonitrile.  There  i'  obtained  about  1  g.  of  bis 
(tciramcthylammonium)  octadccabydrocicosaborate(2_). 


•13 


Excmple  V 


Using  the  procedure  described  in  Example  IV,  a  solu¬ 
tion  of  3.08  g.  of  (NHOjRroH-j  in  40  ml.  of  water  is 
reacted  with  a  solution  of  0.63  g.  of  KMnO«  in  40  ml. 

53  of  water  and  2  ml.  of  concentrated  I1-S04.  The  color  of 
the  solution  changes  from  purple  to  colorless  and  gas  is 
evolved.  An  aqueous  solution  of  (CH3)4NOH  is  added  to 
the  reaction  mixture  and  the  precipitate  which  forms  is 
purified  as  described  earlier  to  yield  about  0.1  g.  of 
L(CII3)iN]2B23Hia. 


Example  VI 


A  solution  is  prepared  containing  1.0  g.  of 
(NH4)2B;0H15  in  a  smali  quantity  of  water.  To  this  solu¬ 
tion  there  is  added  5  ml.  of  a  suspension  composed  of  3 
g.  of  Pb02,  30  ml.  of  water  and  10  ml.  of  concentrated 
H2S04.  Vigorous  evolution  of  gas  occurs  and  the  color 
of  the  lead  oxide  changes  from  black  to  brown.  An  aque- 
of  70  01,5  solution  of  (CHs)tNC!  is  added  and  the  precipitate 
which  forms  is  separated.  It  is  recrystal'ized  as  described 
in  previous  examples  to  obtain  [(CH2)4N]2Bj!)His. 

Examples  I-VI,  inclusive,  illustrate  the  process  of 
chemical  oxidation  to  obtain  the  compounds  of  the  in- 
75  vention. 
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Example  VII 

A  reaction  vessel,  fitted  with  two  platinum  electrodes, 
is  charged  with  a  solution  consisting  of  10  g.  of 
(NH4)2B10H10,  300  ml.  of  acetonitrile  and  100  ml.  of 
pyridine.  The  solution  is  electrolyzed  for  2  hours  at  20 
volts  and  an  initial  current  of  1.4  amperes.  The  current 
gradually  decreases  to  0.8  ampere  as  the  electrolysis 
progresses.  A  coating  of  an  orange-colored  gum  forms 
on  the  anode  and  a  gas  is  evolved  at  the  cathode.  The 
solution  changes  in  color,  becoming  light  yellow  at  first,  10 


10 

The  compound  can,  if  desired,  be  obtained  free  of 
solvent  of  crystallization  by  heating  for  a  time  at  very 
low  pressure.  The  molecular  weight  of  the  compound 
Na2B2oHi8,  determined  by  freezing  point  depression  in 
5  aqueous  solution  gives  the  following  values:  103,  99,  89, 
88,  i.e.,  an  average  mol.  wt.  of  95;  ealed.  value:  93.3. 

The  ultraviolet  spectrum  of  the  sodium  salt  in  solution 
in  acetonitrile  shows  major  absorpton  maxima  at  292 
rap  and  233  mg.  » 

Example  X 


then  a  deep  yellow  and  finally  a  deep  orange.  After  com¬ 
pletion  of  the  electrolysis  step,  water  and  excess 

(CHahNOH 

and  (CH3)4NC1  are  added  to  the  solution.  No  precipitate  15 
forms  and  the  solution  is  evaporated  under  reduced  pres¬ 
sure  to  yield  an  orange  solid.  The  solid  is  crystallized 
fti/ffi  hut  water  and  ftoiti  methanol  to  give  yellow  etyct'A- 
linc  [(C.H3),|N]-.B..jHis.  Data  from  elemental  analysis 
arc:  C,  25.39,  25.44;  II,  11.37,  11.00;  N,  6.99,  6.73;  B,  20 
56.22. 

Example  VII  illustrates  the  process  to  obtain  the  com¬ 
pounds  of  the  invention  by  electrolytic  oxidation. 

Example  VIII  25 


An  aqueous  solution  of  the  dibasic  acid,  obtained  as 
described  in  Example  VIII,  part  (A),  is  mixed  with  an 
aqueous  solution  of  CsF.  The  precipitate  which  forms  is 
separated,  washed  and  dried  to  obtain  Cs2B20H,8  con¬ 
taining  1 .5  moles  of  water  of  hydration.  The  salt  is  moder¬ 
ately  soluble  in  water. 

Analysis.- — Calc’d.  for  CsiB-rHia-1.5H20:  Cs,  50.4;  B, 
41.03.  Found:  Cs,  50.5;  B,  41.93,  41.87. 

The  infrared  spectrum  of  the  above  cesium  salt  in  a 
Nujol  mull  shows  absorption  bands  as  follows  (expressed 
as  microns):  3.92,  3.99,  4.05,  very  strong;  10.51,  strong; 
11.28,  very  strong;  11. SI,  medium,  shoulder;  12.05,  very 
strong;  12.61,  weak;  13.25,  very  strong;  13.65,  13.85, 
medium;  14.40,  strong;  and  14. S8,  very  strong. 


(A)  A  solution  of  [(CH3).iN]2B2oHia  in  methanol- 
water  is  passed  through  a  column  packed  with  a  com¬ 
mercial  acidic  ion-exchange  resin  of  the  polysulfonic  acid 
type.  The  effluent  is  a  solution  of  the  acid  H2B-oHioi  °r> 
expressed  ia  its  hydrated  form  as  a  hydronium  acid,  30 
(HsO)2BroHiS.  The  aqueous  solution  frequently  is  used 
without  further  processing  to  prepare  stilts  of  the  acid. 

(3)  The  solid  acid  is  obtained  by  evaporating  the 
aqueous  solution,  prepared  as  described  above,  to  dryness 
at  very  low  pressure  (less  than  0.1  mm.  of  mercury).  The  35 
acid,  which  forms  large  intensely  colored  yellow  crystals, 
conlains  6  moles  of  water  of  hydration,  of  which  2  moles 
are  considered  to  be  associated  with  the  proton  cations. 

The  identity  of  the  compound  is  confirmed  by  elemental 
analysis.  40 

Analysts. — Calcd.  for  (H30)2B2oHla-4H20:  H,  9.36; 

B,  62.80.  Found:  H,  8.91;  B,  63.65. 

The  solid  yellow  crystals  of  the  hydrated  acid  obtained 
above  are  very  hygroscopic.  They  dissolve  in  water  to 
form  a  clear  yellow  solution  which,  when  mixed  with  an  45 
aqueous  solution  of  (CHj^NOH,  forms  the  salt 


Example  XI 

(A)  An  aqueous  solution  of  the  dibasic  acid,  obtained 
as  described  in  Example  VIII.  pari  (A),  is  mixed  with 
an  aqueous  solution  of  AgNOj.  The  quantity  of  AgN03 
used  is  equivalent  to  the  amount  of  acid  in  the  aqueous 
solution.  The  precipitate  which  forms  is  separated  and 
dried  to  yield  the  silver  salt  of  the  acid  as  a  hydrate. 

Analysis. — Calcd.  for  Ag2B;v)H)8,5HliO:  Ag,  39.9;  R, 
40.1.  Found:  Ag,  40.1;  B,  40.15. 

(B)  The  process  of  part  (A)  is  repeated,  employing 
less  than  the  equivalent  amount  of  AgN03  in  solutirn. 
The  precipitate  which  forms  became  tan-colored  during 
processing.  It  is,  however,  substantially  pure  silver  suit, 
free  of  water  of  hydration. 

Analysis. — Calcd.  for  Ag-B^IIij:  Ag,  47.48;  B,  43.13. 
Found:  Ag,  47.91;  B,  48.06. 

In  the  process  of  Example  XI,  the  use  of  excess  silver 
nitrate  solution  results  in  reduction  of  the  silver  ion  with 
formation  of  silver  metal. 


[(CH^NlsB^H,. 


Example  XII 


A  study  of  the  acid  strength  of  the  dibasic  acid  in  A  portion  of  an  aqueous  solution  of  the  dibasic  acid, 
aqueous  solution  shows  (hat  it  is  a  very  strong  acid,  hav-  29  prepared  as  described  in  Example  VIII,  part  (A),  is 
ing  only  one  inflection  point  in  the  titration  curve.  titrated  with  an  aqueous  solution  of  barium  hydroxide 

Example  VHI  illustrates  the  preparation  of  the  acid,  until  the  reaction  mixture  is  neutral  (pH=7).  The  re- 

dihydrogen  ocladccahydrocicosaborato(2-)  in  the  form  suiting  solution  of  BaB20Hla  is  yellow  and  it  shows  ab- 

of  its  hydrates.  Any  strong  acid  or  acid  ion-exchange  resin  sorption  maxima  at  292  mp  and  233  m p. 
can  be  employed  to  provide  an  acid  environment.  To  55  The  solid  salt  BaB20H18  can  be  isolated  by  evaporation 
illustrate,  the  B-oHjg-*  salt  can  be  mixed  with  an  aqueous  of  the  solution  as  described  in  Example  IX  for  the  sodium 

solution  of  a  strong  mineral  acid,  e.g.,  sulfuric,  hydro-  salt. 

chloric,  and  the  like,  to  obtain  the  free  acid  which,  in  Example  XIII 

solution,  is  frequently  referred  to  as  (H3O)2B20Hn.  . 

CO  An  aqueous  solution  of  the  dibasic  acid,  prepared  as 
Example  IX  described  in  Example  VIII,  part  (A),  is  mixed  with  an 

A  portion  of  an  aqueous  solution  of  the  dibasic  acid,  aqueous  solution  of  (CcH5)3CH3PI.  The  precipitate  which 

prepared  as  described  in  Example  VIII,  part  (A),  is  forms  is  separated  and  recrystallizcd  from  benzcne-nce- 

titrated  with  an  aqueous  solution  of  sodium  hydroxide  tonitriie-methanol  mixture  to  obtain  long  needles  of  the 

until  the  reaction  mixture  is  neutral  (pH=7).  The  re-  65  bis(triphenylmethylphosphonium)  salt, 
suiting  aqueous  solution  is  yellow  and  its  ultraviolet  spec-  Analysis. — Calcd.  for  [(C6H5)3CH3P]2R2cHlj:  C, 

train  shows  absorption  in  regions  which  are  characteristic  57.82;  H,  6.90;  P,  7.85;  B,  27.41.  Found:  C,  57.69;  H, 
for  salts  of  the  BajHu  anion.  7.30;  P,  7.92;  B,  27.27. 

The  yellow  solution  is  evaporated  to  dryness  under  A  second  preparation  of  the  compound  yields  the  fol- 
reduced  pressure  (less  than  1  mm.  of  Hg)  to  obtain  crude  70  lowing  elemental  analysis:  C,  58.28;  H,  7.42. 

Na2B20Hi8  as  a  tan-colored  solid.  The  compound  is  puri-  X-ray  diffraction  data  on  crystals  of  the  compound 
fied  by  crystallization  from  methanol.  The  product  so  ob-  show  that  the  crystals  are  monoclinic  where  <7=11.96, 
tained  contains  water  of  crystallization.  fc=15.42,  c=I2.37  and  /?=  94*  C.  The  density  is  1.167 

Analysis. — Calcd.  for  NajBajHjg^HjO:  B,  68.34;  H,  and  the  observed  molecular  weight  is  795  (calcd.  value, 
7J}7.  Found:  B,  68.21;  H,  7.25.  15  789). 
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Example  XIV 

A  suiii!  uii  of  the  acid,  prepared  as  described  in  Exam¬ 
ple  V 111.  part  (A),  is  nixed  v.i'.h  a  hot  methanol  solution 
of  ( Cc! IjC  H:),l’i!r.  'I he  while  precipitate  which  forms  is 
separated  ar.t!  re-cry  MallizcJ  from  acetonitrile  to  yield  the  5 
white  crxst.i.hn;  histtctrabenzylphosphonium)  salt. 

Ar.a'yiix.-  -f.'alcd.  for  [ (CcH5CH2)4Pl2BioH|at  C, 
65.68;  II.  7. .17;  I*.  6.01;  E,  21.10.  Found:  C,  61.97;  H, 

8.01  ;P.  5.116,1}.  20.09. 

Example  XV 

A  solution  of  the  acid,  prepared  as  described  in  Exam- 
p'e  VIII,  part  (A>,  is  mixed  with  an  aqueous  solution  of 
(CHj)jSI.  The  precipitate  which  forms  is  separated,  dried 
and  purified  by  crystallization  to  obtain  the  bisftetra- 
metlivIsulfoMium)  salt.  Elemental  analyses  are:  C,  1S.77; 

H,  9.67. 

The  process  is  repeated  to  obtain  a  further  quantity  of 
the  compound  for  confirmatory  analy  sis. 

, I .r: r.- •(?.' led,  for  ( ( Cl  I3 ) -SI 2l32oHia:  C,  18.54; 

H,  It,  55.65;  S,  I r>..;9.  Found:  C,  18.93,  18.80;  H, 
9..v0.  it.  55.16;  S,  16.47. 

The  infrared  s  pec  1 1  tun  of  the  above  trimethylsulfonium 
salt  in  the  1 1 —I S.<»  tecicn  is  similar  to  the  spectrum  for 
1 1 C  HjlrN  l;iT-,Hu  described  in  Example  I.  The  ultra- 


275 


15 


20 


violet  spectrum  of  the  trimethylsulfonium  salt  in  solution 
in  acetonitrile  shows  the  same  maxima  and  extinction  co- 
cir.eieiits  :.x  the  lotrnmethyl.iminonium  salt. 

I'xa.nip'cs  X-XV,  inclusive,  illustrate  the  process  of  pre¬ 
paring  compound;  of  the  invention  employing  the  dibasic 
acid.  as  a  reactant.  The  process  is  generic  to  the 

preparation  of  a  wide  range  of  salts,  c.g., 


30 


MgH.jMjj,  Fe(H;01f,U13H|c,  Co(ir2O)6B20Hi(s,  CdB2oHi8 
Srtl^llij.  l’blUjH,,.  Ali(B;oHi3)a.  iTQdls.^SlBsaHis  35 
[(C,H,)3S1  .ITj!lle,  [(C2H3)4P]2B2()Hle 

lCtIIsCH2(CH3)jN]jBaaHu 
I  (V'4l!j)4Nl2B20H,3 


It) 


50 


55 


and  th.e  like,  by  neutralization  of  the  acid  with  a  base  or 
salt  having  the  appropriate  cation.  To  illustrate  briefly,  the 
acid  solution  can  be  reacted  with  MgCl2,  FeS04l  CsCl2, 
CdNOj,  SrtOlI )j.  I’bClj.  Ala(S04)3,  tri-substituted  sul- 
foniinn  iodides,  tri-substituted  sulfonium  hydroxides,  tetra- 
suhstituted  phoxphonium  bromides,  and  the  like. 

ArylJiazoniutn  salts  can  be  obtained  by  reacting  an  45 
aqueous  solution  of  the  acid  with,  c.g.,  an  aryldiazonium 
chloride  or  hydtoxide.  To  illustrate,  an  aqueous  solution 
of  bcMzenedia/.Onium  chloride  is  mixed  with  an  aqueous 
solution  of  lljltjnllu  and  the  solution  is  evaporated,  if 
necessary,  to  n  point  where  the  bis(benzenediazonium) 
octadccahydrocico>3boraie(2-)  precipitates.  Similarly  an 
an  aqueous  solution  of  lulyldiazonium  hydroxide  is  added 
in  suificicnt  quantity  to  an  aqueous  solution  of  H-BjqHis 
to  form  a  neutral  solution.  The  solution  is  evaporated 
until  the  bisftolyldiazonium)  salt  separates,  i.e., 

(CH3C6H4N3)oB20H„ 

Mctal-ammine  salts  can  be  obtained  by  reacting  a  metal 
salt  of  the  Bj0HIS-J  anion  with  a  mctal-ammine  salt,  c.g., 
the  chloride  or  nitrate,  in  solution  in  ammonium  hydrox¬ 
ide.  To  illustrate,  ZnCl2  is  dissolved  in  concentrated  aque¬ 
ous  NH4OH  and  Na3B20H|8  is  added  to  the  solution  with 
stirring.  The  precipitate  which  forms  is  Zn(NH3)4B-aHi8. 
Cobait-amminc  salts,  coppcr-amminc  salts,  and  the  like 
arc  prepared  in  a  similar  manner,  employing  cobalt  ni¬ 
trate  and  copper  chloride  in  place  of  zinc  chloride.  The 
salts  are  isolated  by  filtration  and  dried  by  conventional 
methods. 

Utility. — The  invention  provides  a  broad  class  of  new 
boron  compounds  which  find  applications  in  many  fields, 

Tire  compounds  of  the  invention  are  ger.crically  useful 
as  impregnating  agents  in  the  preparation  of  resistors. 

To  illustrate,  a  section  of  a  cotton  string  is  immersed  in 
a  nearly  saturated  solution  of  [(CH3)4Nl2B20HiS  in  a 
trfttGte xtawtuflttrJfe  mi  iwter  Tire  string  is  with Jraera  fa- 
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from  the  solution  and  the  solvent  is  removed  by  drying 
in  air.  A  free  flame  is  applied  to  the  dried  impregnated 
stiiiiii  anJ  it  bjiiis  to  y  ield  a  coherent  ash  which  in  size 
and  shape  resembles  the  original  string.  The  residual 
skeleton  is  of  sufficient  coherence  to  permit  embedding 
in  paraffin.  The  section  of  residue,  so  treated,  shows  a 
resistance  in  excess  of  15,000  ohms/cm.  The  residue  from 
a  control  section  of  string  is  very  small  and  shapeless 
and  it  cannot  be  handled. 

In  the  group  of  compounds  which  fall  within  the  scope 
of  Formula  1,  the  component  M  represents  a  range  of 
groups  which  are  readily  interchangeable  by  mctalhetic 
reactions  as  described  earlier.  All  of  the  salts  which  fall 
within  the  scope  of  Formula  1  can  be  used  to  prepare  the 
acid,  represented  as  H3B2,;H1C,  in  aqueous  solution,  as 
(H30)2P  2CH48.  by  passing  aqueous  or  alcoholic  solutions 
of  the  "salts  through  an  acidic  ion-exchange  resin  as  de¬ 
scribed  earlier.  The  acij  (and  its  hydrates)  is  a  strong  acid 
and  it  is  useful  in  industrial  applications  where  it  is  de¬ 
sired  to  avbid  contamination  from  sulfate,  chloride,  bro¬ 
mide,  chlorate,  hosphate,  and  like  strong  acid  anions. 
Thus,  the  acid  is  useful  for  etching  metals,  such  as  steel, 
and  for  rust  removal,  for  pickling,  for  scrlc  removal  and 
for  similar  metal  processing  operations. 

The  acid,  described  above,  is  useful  as  a  catalyst  in  the 
preparation  of  esters,  e.g.,  in  the  reaction  of  alcohols  and 
organic  carboxylic  acids,  to  improve  the  yields  of  the  de¬ 
sired  esters.  The  acid  of  the  invention  is  employed  for  this 
purpose  in  the  same  manner  as  p-toluenesulfonic  acid,  sul¬ 
furic  acid  or  alcoholic  hydrogen  chloride. 

Aqueous  solutions  of  the  acids  are  useful  as  agents  for 
absorbing  noxious  basic  materials  from  the  air,  e.g.,  traces 
of  ammonia,  lower  alkyl  amines,  and  the  like.  To  illus¬ 
trate,  air  contaminated  with  melhylamines  is  passed 
through  an  aqueous  solution  of  HjB20Hig  and  the  amines 

are  removed.  .  .  „ 

All  of  the  compounds  of  the  invention  arc  genetically 
useful  as  components  of  fireworks  compositions  to  impart 
a  nlcnrin1’  color  and  sparkle  to  the  display,  c.g.,  Cs2B2oHij, 
l(CH3)3ShE20H,e,  [(C6Hs)3CH3P]5BsoH18,  and  like 
salts,  such  as  the  strontium,  magnesium,  cobalt  and  aryldt- 
azoniunr  salts,  can  be  used  in  such  compositions. 

The  silver  salts,  i.e.,  the  compounds  of  Formula  I, 
where  M  is  Ag,  in  the  presence  of  an  excess  of  silver  ion, 
reduce  the  ion  to  metallic  silver.  These  compounds  are, 
therefore,  useful  in  the  photographic  arts  and  in  the 
preparation  of  printed  circuits.  To  illustrate,  a  ccllulosic 
sheet  is  immersed  for  a  few  minutes  in  an  aqueous  solu¬ 
tion  of  silver  nitrate  and  dried  in  air.  A  solution  of  a 
compound  of  Formula  1,  e.g.,  the  tctramethylammomum 
salt,  is  applied  to  the  dried  impregnated  sheet  and  a  de¬ 
posit  of  metallic  silver  forms  on  the  sheet  at  the  points 
of  application.  Further,  a  cellulose  sheet  is  immersed  for 
a  few  minutes  in  a  solution  of  a  salt  of  Formula  1,  c.g., 
the  cesium  salt,  and  dried  in  air.  A  solution  of  AgN03  is 
applied  to  the  dried  sheet  and  a  deposit  of  metallic  silver 
forms  on  the  sheet. 

As  many  apparently  widely  different  embodiments,  of 
this  invention  may  be  made  without  departing  from  the 
spirit  and  scope  thereof,  it  is  to  be  understood  that  this 
invention  is  not  limited  to  the  specific  embodiments  there¬ 
of  excep  as  defined  in  the  appended  claims. 

The  embodiments  of  this  invention  in  which  an  ex¬ 
clusive  property  or  privilege  is  claimed  are  defined  as 
follows: 

1,  A  compound  of  the  general  formula 
M.(B30Hl8)b 

wherein  a  and  b  are  the  smallest  whole  numbers  which 
satisfy  the  equation 


a -valence  of  M 


and  M  is  a  cation  selected  from  the  class  consisting  of 
tydfog-i,  of  i  wmf  having  a  valence 
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of  1-3  selected  from  Group  I,  II,  III— B,  1V-B,  V-B,  VI- 
B,  VH-B  or  VIII  of  the  Periodic  Table  of  elements,  ca¬ 
tion  of  a  metal  having  a  valence  of  1-3  selected  from 
Group  111— A,  IV-A,  V-A,  or  VI-A  of  the  Periodic  Table 
of  elements  having  atomic  numbers  above  5,  14,  33,  or 
52,  respectively  lNi(NH3)s]+2,  [Zn(NH3)43H2, 

[Co(NIia)s]+3 

[Cu(NH3)4l f2,  [Co(NH:C2H4NH3)3]+2 

[Ni(dipyridyl)3]+3;  ArN— N+  wherein  Ar  is  a  hydrocar¬ 
bon  aijl  group  of  at  most  12  cm  bon  atoms,  R.,N\  R2S\ 
and  R4P+  wherein  R  contains  up  to  18  carbon  atoms,  and 
is  a  group  selected  from  the  class  consisting  of  alkyl, 
cycloalkyl,  alkenyl,  cycloalkenyl,  aryl,  aralkyl,  alkary), 
cyanoalkyi,  livdroxyalkyl  and  haloalkyl. 

2.  A  compound  of  claim  1  in  the  hydrated  form, 

3.  HjB-aHi,,. 

4.  A  compound  of  claim  3  in  the  hydrated  form. 

5.  [(ClWll-U-oH.B. 

6.  A  compound  of  claim  5  in  the  hydrated  form. 

7.  Cs3B20Hls. 

8.  A  compound  of  claim  7  in  the  hydrated  form. 

■J. 

10.  A  compound  of  claim  9  in  the  hydrated  form. 
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I 

This  invention  relates  to  new  compounds  containing 
borntt  and  to  methods  for  preparing  the  compounds. 

liorou  compounds,  princrady  salts  of  h” 

Iven  in  commercial  use  f„r  many  years.  Recently  other 
«  iron  compounds,  eg.,  low  molecular  weight  boron  hy-  t 
.ludes  have  acluevcd  technical  importance  m  applications 
emphning  osidi/.rg  and  reducing  agents.  1  here  are  many 
potential  application,,  however,  for  which  the  available 
bourn  compounds  are  unMiited  because  °f  hyd™‘ytl5’  . 
i ,\ nlalivc  or  other  tspes  of  instability.  To  illustrate,  di-  . 
boranc.  chlorodiboronc,  rcnlaboranc(9)  and  trialhjl- 
nri'ii  compounds  me  spontaneously  flammable  in  air. 
Oiboranc,  penlaaoranct  'O.  cl.!»  re  Jil  onrne,  bo 
!  bio:  iilc.  iododee;-. boranc (141.  and  most  other  boron 
b,;, lidcs  are  hydrolyzed  rapidly  in  water  or  alcohol,  liven 
•  tic  mnM  svMc  known  bnrohuliidc.  i.c.,  dcc;ibornnc(14), 
ii  liMlrolwcd  at  a  moderate  i.dc  in  water.  K»«'™  10n'“ 
bur, 'hydrides,  eg.,  tctrabydioboi.ilcs  (NrfhH4,  and  the 
lilid.  are  hulrolyzed  at  a  rapid  rate  at  100  C. 

A  broad  d:i»s  of  boron  compounds  has  now  been  found 
which  show  g,.od  hydrolytic  and  oxidative  stability. 

The  novel  boron  compounds  of  this  invention  are  pol>- 
boratev  of  live  following  generic  formula. 

Maflljal  ll8-n.Xn)b 

where  M  is  an  atom  or  group  of  atoms  which  make  up 
a  cation  im.ng  a  valence  of  I/-3.  inclusive:  X  is  halogen; 

„  is  a  positive  whole  number  of  l  to  18.  inclusive;  a  and  b 
arc  the  smallest  positive  whole  mimbcrs  which  satisfy 
the  equation; 

fi',<  vnli-ner  cf  M 


The  substituent  X  is  halogen,  i.c.,  F,  Cl,  Hr  ami  I.  f 
The  compounds  of  Formula  I  arc  composed  of  two 
principal  components  which  arc  represented  by  M  ana 
(ij„i| \  ).  These  two  principal  components  are  joined 
by  clccirovaicnt  or  salt-like  bonds  which  arc  characteristic 
for  ioni/able  inorganic  compounds.  Each  of  these  com-  ( 
ponents  will  be  discussed  separately. 

run  COMPONENT  M 

In  Formula  1  M  is  a  component  which  can  consist 
of  one  element  or  more  than  one  element  which  is  lomcal- 
|v  bonded  to  the  boron-containing  moiety,  dhc  com¬ 
ponent  M,  for  simplicity,  will  be  referred  to  as  a  group 
although  it  may  contain  only  one  atom  or  element.  I  lie 
groups  repieseiilctl  bv  M  are  cations,  i.c.,  bear  a  positive 
ionic  charge  ami  they  have  in  common  the  properly  of 
forming  positively  charged  groups  or  cations  m  water. 
The  properties  of  the  group  M  arc  not  critical  and  the 
cioup.  therefore,  represents  a  broad  range  of  elements  or 
combinations  of  elements.  To  illustrate,  M  can  be  hydro¬ 
gen.  which  in  aqueous  solution  forms  a  hydronmm  ion 
tlliO1).  a  metal  ammonium  (NH.+  ),  hydrazonium 
(NH-Nllj* )  (also  called  hydrazinium).  N-subslitiitcd  am¬ 
monium,  N-Mibstiluted  hydrazinium  (NII3NH.i+),  ary - 
di.izor.ium  (ArNd),  sulfonium,  phospliomum,  mclal- 
animinc,  and  the  like. 

Tt.c  grew?  MmIxii  «taWl  -*1  jtWUfU  T-A.  Il-A.  I-» 


and  H-B  having  atomic  numbers  up  lo  and  including  80. 
Most  preferred  metals  are  the  alkali  and  alkaline  earth 
metals,  i.c..  lithium,  sodium,  potassium,  rubidium,  cesium, 
beryllium,  magnesium,  calcium,  strontium  and  hamim. 

The  group  'M  can  be  a  combination  of  a  racial  and 
ammonia  or  a  metal  and  an  amine,  i.c.,  a  Werner-type  co¬ 
ordination  complex  referred  to  as  a  melal-amnimo  group. 
To  illustrate,  M  can  be  LNi(N H3 )ol 4 2»  l^n(NMj)il  » 

(Co(WHAH«NH»hl-'3.  fNi(dipyridyl)jl 13 
LCo(NH3)0]H3 

Tne  group  M  can  be  aryldiazonium,  i.c.,  a  group  of  the 
formula  ArNa+,  where  Ar  represents  an  aryl  group,  to 
illustrate,  Ar  can  be  phenyl,  tolyl.  xylyl,  naphthyl,  and 
1  the  like. 

The  group  M  can  be  an  N-siibstilutcd  ammonium  group, 
nn  S-substituted  sulfonium  group  and  a  I’-substiluted  pnos- 
phoninm  groups.  which  groups  have  the  formulas  KM  It  , 
r.,N1I3i,  RjNIT1',  RjNh  RjS'.aml  K<l* R  represents  an 
1  organic  group  bonded  to  the  nitrogen,  sulfur  or  phospho¬ 
rus.  'I  be  R  groups  arc  not  critical  features  of  these  cation 
groups;  thus,  R  can  be  open-chain,  closed-chain,  saturated 
,,  >, iT.atd.-aWl  Tty WwlMM*  or  uiMriiwied  hi droearbon 
groups.  R  cm  be  ;i  heterocyclic  ring  o(  which  the  nitrogen, 

•>  .sulfur  or  phosphorus  iilorn  is  ;i  component  pail.  Ihii;>, 
when  M  is  a  substituted  ammoiiiitm  uroiip,  R  can  be  dc- 
rived  from  pyridine,  quinoline,  morpholine,  hexamethyl- 
c.iciu.iitu,  and  the  like.  rM.iaMy  R,  foe  reasons ««(  »vmiI- 
ability  of  reactants,  contains  at  mosL  18  carbon  atoms 
0  and  can  be  alkyl,  alkenyl,  cycloalkyl,  cycloalkenyl,  aryl, 
aralkyl,  alkaryl.  cyanoalkyl  or  hydroxyalkyl.  I-orexamp.fi, 
R  can  be  methyl,  2-clhylhexyl,  ocladccyl,  allyl.  cyclo- 
hexyl,  cyclohcxcnyl,  phenyl,  naphthyl,  anthryl,  cyclohexyl- 
phenyl,  diphenylyl,  benzyl,  ehloroelhyl,  «-cyanoaniyl,  /t- 
15  hydroxyothyl,  p-hydroxyphcnyl,  and  the  like. 

The  group  M  can  also  be  an  N-subslilutcd  hydrazonium 
(also  called  hydrazinium)  radical  having  the  formula 
(RNHNHj)  r,  (R2NNH3)+,  and  the  like,  wherein  R  has 
the  same  definition  as  given  in  the  preceding  paragraph. 
1(1  To  illustrate,  the  hydrazonium  cation  can  be  derived 
from  phcnylhydrnzine.  mcthylhydrazinc.  1,1  -  dimethyl- 
hydrazine,  1 ,2  -  dimcthylhydra/.ine,  clhylhydrazinc,  1, 
dicthylhydrazinc,  and  similar  compounds. 

The  valence  of  the  cation  M  will  be  between  1  anu  3, 
ic.,  M  can  have  a  valence  of  1,  2,  or  3.  In  most  ease:, 
the  valence  of  M  will  be  I  nr  2.  This  group  of  compounds 
in  which  the  va’cncc  of  M  is  at  most  2,  are  readily  pie- 
parable  and  so  form  a  preferred  group  of  compounds  in 
this  invention. 


THE  GROUP  (BsoHio-nX,,) 

The  novel  and  characterizing  feature  of  ihc  compounds 
of  the  invention  is  the  polyboralc  group  ( B20l  I it-nX,, ) _  . 
The  group  is  represented  gencricaliy  as  having  a  negative 
ionic  charge,  of  2  and  it  behaves  in  chemical  reactions 
as  a  divalent  anion.  The  group  chemically  is  exception¬ 
ally  stable.  II  is  not  easily  decomposed  by  hydiolysis, 
oxidation  or  redueliun  and  it  is  resistant  to  thermal  de¬ 
composition.  The  group  is  unchanged  in  simple  metathelic 
reactions,  a  properly  which  allows  the  preparation  of  a 
broad  range  of  salts  in  which  lltc  cation  is  icprcscntcd 

by  M.  ... 

A  pertinent  feature  in  the  borou-conlainmg  group  is 
the  substituent  X  which  is  bonded  to  boron.  I  he  number 
>  of  substituents  which  can  be  present  is  not  less  than  1 
or  more  than  18  and  they  cati  be  alike  or  dificrcnt. 

CHARACTERISTICS  OE  THE  COMPOUNDS 

The  compounds  are  generally  crystalline  solids  with 
,)  Die  high-melting  points  which  arc  charnclei istic  of  sails. 
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I1iv*\  .irv  '■i.il-lc  under  convent!  mmI  storage  conJi! ions 
nil  can  l:c  kept  for  pioloueed  gi-iinds  without  dccoinpcr- 
Mliilll. 

I  lic  conn-numb.  of  the  i.ivci'iinri  in  which  M  forms  a 
coin  Rss  I  dim-.  e  ||  Nil,.  I',,-  .  if  :v;t.,l  or  alkaline 
1  '*lii  "  Clul .00  yellow  in  i.i'.or.  J  ,'iv  nc ii!>  ;ukI  s: ills  ;j ro 
jvnv : .illy  soluble  i,i  l;vi|ni\yl. iliil  solvents.  c.g.,  water, 
alcohol.  Mnl  tl*e  like  In  ii'ifii  4- tewv'y  y-tlkwv  StflWtorts. 

'Die  follow iny  examples  illustrate  Use  compounds  of  in- 
verlion: 

.M  f  ,x  ...o^or,, 

On.'l'.„'l|r.l  tx.U;.,Ult  -1.  0  S-Il..nl’ln.  Ar'O- (Clio. 
(Mi,  l;il,  li.,t  1.  ;  lCII,):M!..!:l!,,M:0nll 
/nil-, II  (  i in.  1'hll;  lint  ,l|,,.|ir-"  Co».0ll;Itr,„ 
Cw|l;  II, Hr, 5,  li  ll..|l,Tl,  Mi'|t~d 1 , 2! r .  Sn»,cli.llf, 

Nn  II.., I.-.  I  /of  SI ! ,  I,  lil.,,1  I Cl (  o(NI IjljU-.jlir,,, 

a,,,j  •be  bke.  compounds  of  1  lie  invention 

"I'i.  li  :,n  Is.  i  e„  lOjiij'ouiiils  in  which  M  is  hydrogen 


as  a  ehai nctei i:  tic  component  a  metal  of  variab’e  valence, 
which  metal  is  in  its  highest  valence  state,  saiil  com¬ 
pound  having  an  oxidation-reduction  potential  in  acid 
solution  of  about  -I. .13  to  about  —  l.fil  volts.  The  oxi¬ 
dation-reduction  potential  of  a  compound  is  a  recognized 
•it'd  measurable  property  for  which  values  are  found  in 
readily  available  texts,  c.g.,  “Oxidation  Potentials."  by 
\v.  O.  l..itiiucr,  2nd  l:.d.,  Prcniice-iialf,  New  York  1. 1 y 52 ) , 
particularly  p.  3-J4.  1-xnmplcs  of  classes  of  compounds 
10  "'hieh  arc  operab'e  in  t ho-  process  are  dicltromalcs,  au- 
f  ’a-eS  of  puifiangu- 

H'Hor,  higher  oxides  of  bismuth  and  salix  o[  rciravaieht 
ceiinm. 

The  oxidation  process  is  conducted  by  simple  and  nn- 
15  complicated  procedures  in  conventional  equipment.  A 
solvent  is  generally  employed  which  preferably  is  hvdrox- 
y.’alcd,  c.g.,  methanol,  water,  and  the  like.  Water  is  most 
conveniently  used  and  it  is  therefore  the  preferred  so'veni. 

I  lie  ratio  in  whieli  the  reactants  are  employed  is  not  a 


Zini:J"  . . .  . .  . . . .  20  crlteS.  Sr 


ll.lD,!l|,.!'j.  II  ll.  ,1 1  1  li.  If.M  .11,  ,I3.  flNO)..IUII1,C!< 
t  I  1,1  >l-‘<  •  .1  |.„ltl  .,  (II  l)),l!a.iliCl3.  (  I  I  ;Of.,Ii»lll  I, 
DI.O),!t,  llLf|.;,  (II  Di,ll,.c  |,„.  ( I  !..(>  1  :;H  .,,1  f  i0Hrn 
llf.O)dl-,llr„.  11,.!,.  and  ( 1 1.-0 )S»S0H I0I„ 

Acids  of  the  p  ;x-  illustrated  ate  frequently  obtained  as 
hydrates  bavin,;  up  to  13  molecules  of  water,  c.g., 
(M:0)2il.,ll,.n,  .|l!,0.  (l!JO);’:.n|inb-,f,ii30 
(UjO)=ll-Jll7Ur-KHaO 

and  the  like. 

PREPARATION  CF  Till:  COMPOUNDS 
Compound »  of  Formula  I  arc  obtained  by  reacting  a 
compound  of  the  fotmula 

MJ(H.v.lIi,)b  (3) 

s'itli  a  halogen.  In  Fornuda  3  M,  a  and  £  are  defined  as  in 
Formul.i  1.  Alternatively,  <;  and  h  can  be  defined  as  the 
smallest  whole  numbers  which  satisfy  the  equation: 


excess  of  oxidant  may  lead  to  a  decrease  in  yield  of  (he 
desired  product.  It  is  preferable  to  employ  til  most  two 
oxidation  equivalents  of  the  oxidant  (based  on  the  metal) 
pet  mole  of  salt  or  acid  used  in  the  pioecss.  The 

25  preferred  mole  ratio  of  oxidant  to  polyhydropolyhoralc 
can  be  determined  by  methods  described  in  Handbook 
o  ^  lu,”is]|y  il.ni1  J’hysies,  3  St  I,  i:j„  p.  |.S,S\S,  Chemical 
Rubber  Publislung  Co.  (1936). 

Pi essiuc  is  not  a  critical  factor  in  the  process  and  at- 
30  mospheric  pressure  is  normally  used.  However,  if  desired, 
pressures  higher  or  Jowcr  than  atmospheric  can  be  cm- 
ployed.  The  temperature  of  the  reaction  is  also  not  criti¬ 
cal.  Normally,  the  reaction  is  conducted  at  prevailing 
atmospheric  temperature  but  temperatures  as  low  as  0’ 
3u  C.  and  as  high  as  100”  C.  can  be  employed.  Preferred 
temperature.  of  operation  lie  between  about  10"  and 

/  J  O. 

The  reaction  proceeds  rapidly  and  a  measurable  qttan- 
'b  dmice  of  \t  An  .!  V  °f  p*'oc,llct  is  obtained  within  a  short  lime.  Normally 

Ti  .  ,  ‘  (4)  40  the  rcaclants  arc  maintained  in  contact  for  a  sufficient 

Die  reactants  of  Formula  3  arc  not  readily  available  period  to  assure  maximum  yield.  The  lime  of  reaction 

compounds.  For  this  remon.  the  preparation  of  a  repre-  ca"  range  from  a  few  minutes  to  24  hours  or  more, 

sensitive  reactant  is  described  in  examples  which  arc  In  l),e  operation  of  the  process  it  is  preferable  fat. 
given  later.  Il-icl!y,  the  reactant*  of  Formula  3  arc  pre-  (hough  not  essential)  lo  add  the  oxidant  to  the  dcoaborate 

pared  by  react i.-’i;  a  decaliydrodc;nborntc(2-)  with  an  ,15  t0  reduce  the  vigor  of  the  reaction  and  to  obtain  the 
oxidant  containing  a  van  d  ie  valence  metal  in  its  higher  maximum  yield  of  desired  product.  Normally,  therefore 

\alence  state,  svhich  osidant  lias  an  oxidation-reduction  **1C  reaction  vessel  is  charged  with  the  solvent  and  the 

potential  in  acid  solution  of  about  — 1.33  to  —1.61  voits,  dccahydrodccaboratc.  The  chemical  oxidant,  which  is 

to  obtain  a  product  of  Formul  3  in  which  the  boron-  conveniently  handletl  in  solution,  is  added  gradually  to 

containing  group,  B.-aH;,,  has  a  negative  ionic  charge  or  50  VCSStfl  at  a  rate  which  provides  a  controllable  reaction 
vajencc  of  2.  After  all  of  the  oxidant  has  been  added,  the  reaction  mix- 

Ihc  deealivilmili'-st.npHi.rri-s  - - - - - -  turo  can  be  stirred  for  a  short  period  and  a  solution  con¬ 

taining  the  desired  cation  (M)  is  added.  The  polyboratc 
salt  frequently  precipitates  at  this  point  but,  in  the  event 
55  Precipitation  does  not  occur,  the  solution  is  evaporated  lo 
a  volume  at  which  the  solid  separates.  The  product  is 
Purified  by  conventional  procedures  lo  obtain  a  salt  of 
the  divalent  anion,  B20nla-3. 

I/nlogcnntion  mictions.- — Salts  or  the  acid  of  the 
till  Henllia"3  anion  can  be  employed  for  halogenntions. 

I  o  obtain  a  halogcnalcd  divalent  compound  of  Formula 
1,  i  e.,  a  compound  having  I  he  R,„l  l,,,  nX„-*  anion, 
where  ,ms  at  least  I,  a  salt  of  IU„Hln-=  is  reacted  with  a 
mikl  halogcnating  agent,  c.g.,  an  N-halogcnaled  amide, 
65  N-halogenntcd  imidc,  N-halogenated  sulfonamide,  and  the 
like.  To  illustrate,  N-ch!oroacctamidc,  N-bromophihal- 


I  he  dccnhydrodccahoMlc*(2~)  employed  as  reactants 
to  prepare  compounds  of  2-ormula  3  have  the  general 
formula 

Mn(  il|oHln)b  (5) 

where  NT,  n  and  h  arc  defined  as  in  Formulas  1  and  3. 

Die  compounds  of  Formula  5  which  are  employed  ns 
reactants  are  not  commonly  known  and  Hie  preparation 
of  representative  compounds  is  also  described  in  (lie  ex¬ 
amples.  Ary  dec. 1  livdioilecahoi ale (2  -)  can  be  employed, 
i.c..  compounds  in  which  M  is  any  group  which  can  form 
a  cation  in  water,  arc  operable.  For  reasons  of  avail¬ 
ability  and  cost,  it  is  piefcrred  to  use  deeahydrodeea- 
borates  of  Formula  5  in  which  M  is  hydrogen,  hydronium, 
ammonium,  substituted  ammonium,  an  alkali  metal  or  an 
alkaline  earth  metal.  .Specific  illustrations  of  the  classes 
of  preferred  reactants  are  H,>!i|rHto  and  its  hydrates, 
NadijoIIin,  Cs:HInII,„,  Kj It inHI0,  I ,ir.B  1  f,3'f ] 0, 
miflinTtufe  'TiittuiJtt*  (M(i)5ftf„Hlu 

|(Cli1)lN|£illoll|o.  l(CaHr,)3NHhBl(lH10 
Iff  n.i)-Nlf., |3lllnHm.  ami  Hie  like.  These  and  other 
salts  of  itfol  f lo  2  arc  fully  disclosed  and  claimed  in  U.S. 
Patents  3.I4S.93S:  3.I49.IM  and  3, 1-!S.*>3«». 

’11m  tuiillJiJig  fca-rvil  ik  oxkhlri  I*  <•  cwfl'jJuiNb)  >mwtg  75 
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imidc,  N-iodophthalimidc,  and  like  compounds  can  be 
used  as  halogcnating  agents. 

To  obtain  fluorin:i!,xl  farTpx*ng#x  Fh*  creertn  - 

7u  boi.iti.  in  aqueous  sohnion  can  be  reacted  with  elemental 
fluorine  highly  diluted  with  nitrogen  gas. 

Die  reaction  is  usually  conducted  in  an  aqueous  me¬ 
dium  containing  a  polar  walcr-misciblc  solvent  to  facili¬ 
tate  solution  of  the  rcaclants.  A  solution  of  a  sail  of  a 
*  •«■;.  !!  A  prepared  and  the  tiaiogeiialing  agent  is 
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added  to  il gradually.  The  organic  halogcnating  agent,  c.g.,  these  aeiJs  arc  included.  Those  hydrates  generally  have 

N-haioaniidc,  is  conveniently  used  in  solution.  The  mode  at  most  12  molecules  of  water. 

of  addition  is  not  critical  and  il  is  conducted  by  whatever  Examples  of  other  acids  which  can  be  obtained  and 

nieihod  is  niosi  convenient.  The  reaction  generally  pru-  the  sails  (torn  which  they  can  be  derived  arc  as  fvlkj'.vs: 

coeds  rapidly  at  prevailing  atmospheric  temperature;  if  5  Compound;  Acid  oblaincd 

desired,  heating  can  be  used  to  increase  the  rate.  /mij  \  i>  u  n  4  i.i  n  m 

I  he  ratio  of  reactants  is  not  critical  hut  it  is  preferred  ,  20r,12  6  . 

to  use  the  halogcnating  agent  in  sullicient  quantity  to  ob-  r\2|?2°r|14  4  tMuV/4  4 

tain  a  product  with  the  desired  number  of  halogen  substit-  'J  20  „10.u‘"nl  . i  .“t.20)  t  "nr 

neats.  The  ratio,  moles  halogcnating  agcnl/molc  lla0Hla  u  r  °  °  ” . . . i!  ii  i  i 

salt,  usually  lies  between  about  0.5  and  50;  preferably,  the  ‘ ,,20.  15  3  15  2 

ratio  is  from  1.0  to  about  30.  ^  13  ~  7.'  j,2,,20.1,”  F 

Time,  temperature  and  pressure  arc  not  critical  fac-  L‘  a,  23  10„?  ,  ,2,.20,  ,lcr^ 

tors  in  the  process.  The  temperature  can  lie  between  about  ..l,20,,1” .  0  u2[|2\.Mir 8 

10°  C.  and  the  boiling  point  of  the  solvent.  The  tempera-  I20,  ln12|f"rT  i-|2|t2°ria  12 

(tire  generally  docs  not  exceed  150“  C.  The  pressure  is  ‘“ff  2  2,CIl‘ - - - i  n  18 

preferably  atmospheric  but  it  can  be  higher  or  lower  than  L,  V?,.20}  ,>10 r,“7  . n3,,50,,  ‘i“ 

atmospheric.  ^  (CH3NH3)2B20H2I16 . . 

Compounds  of  Formula  I.  where  Ihe  X  groups  are  Careful  concentration  of  the  solutions  of  the  acids  and 
unlike,  can  be  obtained  by  partially  halogcnating  com-  no  intensive  drying  under  low  pressure  and  moderate  lent- 
pounds  of  Formula  3  with  one  halogen,  c.g.,  a  reagent  perature  of  the  liquid  residues  yields  Ihe  acids,  goner- 

which  will  introduce  eh'orine,  lollowcd  by  1  net  her  partial  ally  as  hydrates  as  discussed  earlier.  For  many  chemical 

halogcnalion  with  a  second  halogen,  c.g.,  a  reagent  which  reactions  it  is  not  necessary  to  isolate  the  acids  from 

will  introduce  bromine,  ar.d  if  desired,  halogcnalion  with  solution.  The  solutions  of  the  acids  can  he  employed  di- 

a  third  halogen,  c.g..  a  reagent  which  will  introduce  iodine.  t>5  rcetly,  especially  in  mclathclic  reactions. 

The  pi  need)  i  re  can  be  modified  to  obtain  whatever  com-  Metal  sails  of  the  invention  can  be  prepared  by  neu- 

hinnlion  of  halogens  is  desired  in  the  products.  indication  of  1  he  acids,  obtained  as  described  above,  in 

An  optional  method  of  obtaining  the  halogcnntcd  prod-  aqueous  or  alcohol  solution  with  an  aqueous  solution  or 

uel  is  to  haiogenate  the  dccahydrodccaborale  salt  prior  to  suspension  of  an  inorganic  base,  c.g.,  an  alkali  or  alkaline 

the  oxidation  step.  To  illustrate,  the  salt  M„(Bic,HI0)b  can  30  earth  metal  hydroxide.  The  resulting  aqueous  solution  of 
be  reacted  with  a  halogen  to  obtain  Ma(B10Hi0_yXy)h,  the  metal  salt  of  the  B2oMiB-n^n)_2  anion  is  concen- 

where  M,  X,  a  and  h  are  defined  ns  in  Formula  1,  and  y  (rated  by  evaporation  of  water  or  alcohol  until  the  salt 

is  a  positive  whole  number  of  1-10,  inclusive,  llalogcna-  crystallizes  out.  in  many  eases  the  salt  may  precipitate 

lion  is  conducted  in  the  manner  described  in  the  prcccd-  during  its  preparation  and  evaporation  of  the  solution  is 

ing  paragraphs  for  the  It30Hla~2  salt.  The  halogcnntcd  «■»  not  necessary.  The  crystalline  salt  is  dried  under  reduced 
salt  is  oxidized  by  the  method  described  earlier.  To  illus-  pressure,  c.g.,  0.1  mm.  of  mercury,  and  moderately  cie- 

tratc,  (NFFO-BjoHio  is  reacted  with  chlorine  to  yield  vnted  temperature,  c.g.,  50-100“  C.  The  metal  salts  fre- 

(Nh’4)-3i0CIio;  the  latter  compound  is  oxidized  to  form  quenlly  contain  water  of  hydration  which  can  be  re- 

(NMi)^B-0Clia.  moved  by  healing  for  several  hours  at  a  temperature  of 

Mclathclic  reactions.— Compounds  of  Formula  1,  40  about  200“  C.  under  low  pressure,  c.g.,  0.1  nun.  mercury 
wherein  M  covers  a  wide  range  of  cations  arc  obtained  or  lower.  Specific  examples  of  salts  which  can  be  obtained 

by  simple  mclathclic  reactions!  To  illustrate,  an  aqueous  by  the  process  described  above  arc  Na2B18Hi0CI8, 

solution  of  a  compound  of  Formula  1,  where  M  is  NH<+,  K2BMH13Br6,  Li2B20H3Br15,  Cs2B20CI18,  MgUS8IIl4I4 
is  contacted  with  a  strong  acid  or  with  a  strongly  acidic 

cation  exchange  resin  to  obtain  the  free  acid,  i.c.,  a  com-  45  BaB:oHt3BrI4,  CaB38IToCl8,  and  SrB2oH)5i*3. 
pound  of  Formula  1  in  which  M  is  H.  The  acid,  gen-  Water-insoluble  heavy  metal  salts  of  the  acids  can  be 

erally  in  solution,  is  reacted  with  oxides  of  metals,  hy-  prepared  by  adding  a  water-soluble  heavy  metal  salt,  c.g., 

droxidcs  of  metals,  salts  of  metals  (both  organic  and  silver  nitrate  or  mercuric  nitrate,  to  an  aqueous  solution 

inorganic),  nitrogen  bases, 'sulfonium  hydroxides  or  ha-  of  the  boron-containing  acid  whereupon  the  heavy  metal 

iidcs,  phosphonium  hydroxides  or  halides,  aryldiazonium  salt  of  the  anion  precipitates  out  as  a  white  or  light  eol- 

hydroxidcs  or  halides,  and  similar  types  of  compounds  ored  solid.  The  salts  formed  in  this  procedure  arc  usu- 

lo  obtain  products  of  Formula  1  which  have  the  desired  ally  anhydrous.  Examples  of  heavy  metal  sails  which 

cation  M.  In  a  process  employing  an  ion-cxchangc  resin,  can  be  prepared  by  this  method  from  halo-substituted 

strongly  acidic  resins  of  the  sulfonic  acid  variety  arc  pre-  compounds  arc:  HgB20H3Cl16,  HgB20H5Br13, 

forred  because  of  availability,  c.g.,  “Ambcrlitc”  I R- 120-11  55  Ag2B.0Hl6Br2,  and  Ag2B28lIrl8 

and  “Dowcx”  50.  The  acid,  so  obtained  in  aqueous  solu- 

tion,  can  be  reacted  with  nitrates,  chlorides,  bromides,  TIic  procedure  is  generic  to  the  preparation  of  metal  sails 
acetates,  benzoates  and  similar  sails  of  metals  or  other  of  the  compounds  of  lire  invention  and  it  can  he  cm- 

bascs  to  obtain  salts  of  Formula  1.  ployed  with  compounds  bearing  a  wide  range  of  X  groups. 

To  illustrate,  an  aqueous  solution  of  Cs2B2()FI8CI,«  is  (K)  Nitrates,  carbonates,  chlorides  or  oxiJes  of  metals  can 
passed  through  a  column  packed  with  “Ainbcrlite”  IR-  be  used  to  prepare  the  sails  by  the  methods  described 

120-1 1  to  obtain  in  aqueous  solution  the  acid  U2B2oH»C1io-  earlier. 

The  aqueous  solution  is  evaporated  under  reduced  pres-  Light-sensitive  salts,  c.g.,  the  silver  salt,  arc  preferably 

sure  to  obtain-  the  acid  M21L0FI8CI10,  generally  as  a  solid  prepared  under  conditions  providing  minimum  exposure 
hydrate  having  up  to  12  molecules  of  water.  05  to  light  although  exclusion  of  light  is  not  essential  for 

It  is  convenient  to  isolate  the  acids  as  hydrates.  In  the  operability, 
hydrated  form  part  of  the  water  of  hydration  is  con-  Compounds  of  Formula  1  where  M  is  an  alkali  or  al- 
sidcrcd  to  be  associated  with  the  ioniznblc  protons.  In  kalinc  earth  metal,  c.g.,  Na,  K,  Cs,  Ca,  Ba,  Mg,  and  Sr, 

general,  up  to  molecule  of  water  is  associated  with  each  can  undergo  simple  mctathctic  reactions  with  other  salts 

ioni/.ahie  proton  and  the  acids  can  be  represented  as  hav-  70  to  effect  an  exchange  of  cations.  Thus,  Na2B20H,5CI3  or 
ing  hydrated  protons,  c.g.,  (H3O)2B20H8Cl10,  K2B28II,2F,  can  be  reacted  in  aqueous  solution  with  ant- 

A.  nun  ni  a  monium  sulfate,  bcnzcnctliazonium  hydroxide,  pyridin- 

;^39..2?20*;l6H!3-  *  .  ***  _  . _?° ll0 ir®  0  ium  chloride,  morpholintum  sulfate,  polyethylcnciminc 

anu  die  ffivu  k  is  kinder. siuod Itmt  wfieu  rcfeTtiftc  In  made  hjd/SvTvtofidc,  atrd  £frc  iifct,  tv  form  torrtpjr'ifnh'  A  tot 

to  the  acids  of  1320Hi8..nXn"a  anions,  the  hydrates  of  7 r»  muhi  1  having  ammonium,  benzenediazonium,  pyridin- 
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mixture  is  stirred  anil  a  solution  containing  20.25  g.  of 
N-iodosuceinimide,  75  ml.  of  OII:iCN  and  50  ml:  of 
CHjOl!  is  added  n  idi  stirring.  I  lie  solmiou  is  puKCSacJ 
as  described  in  Example  If  to  obtain  light  yellow  crystals 
of  [(CHj)«N|-H..0IlalB  associated  with  (ClI3)BNr. 

Analysis. — Calc’d  for  |  (C111),N  |2B20UBrB-(CH3).|NI; 
C,  S.39;  H,  2.6-1;  B,  12.60;  1,  73.9-4.  Found;  C,  8.GS;  H, 
2.77;  B,  12.32;  1,  73.87. 

Examples  I-11I  illustrate  the  preparation  of  com¬ 
pounds  of  the  invention  bearing  a  halogenatcd  divalent 
anion,  i.c.,  (Bj0Hin_„Xn)~!.  The  process  is  generic  to  the 
preparation  of  this  class  of  compounds. 

Compounds  containing  mixed  halogens  can  be  ob¬ 
tained  by  the  processes  of  Examples  1— III.  To  illustrate, 
the  product  of  Example  I  can  be  used  as  a  reactant  in 
the  process  of  Example  111  to  obtain  a  compound  having 
chlorine  and  bromine  as  substituents,  c.g., 

[(CH3)4N]2B,0W0Cl6Br5 

Compounds  bearing  fluorine  as  substituents  can  be 
obtained  by  passing  a  mixture  of  fluorine  and  nitrogen 
gas  into  a  solution  of  an  cicosaboralc  salt.  To  illustrate, 
the  compound  obtained  in  Example  I  can  be  fluorinalcd 
to  form  a  fluorine-bearing  salt,  c.g., 

t(Cl  I3)4M]2B20lIuClaI-0 

Aqueous  or  alcohol  solutions  of  the  compounds  of 
Examples  1-JII  can  be  passed  through  an  acid  ion- 
exchange  resin  to  obtain  free  acids  of  the  formulas 
H;13:,Hi2CI0,  H2B20Hl3llr5  and  H2B2BHBfB.  Solutions  of 
the  acids  can  he  neutralized,  c.g.,  witli  NaOH  to  obtain 
Na2B20H12CIGl  Na2B20HuUr5  and  Na2B20H9l3l  with  IiOH 
to  obtain  the  corresponding  lithium  sails  or  with  KOH 
or  CsOH  to  obtain  the  corresponding  lithium  and  cesium 
salts.  Other  basic  reactants  can  be  employed  in  a  similar 
manner,  as  described  earlier,  to  obtain  salts.  Thus,  aque¬ 
ous  solutions  of  the  acids  can  be  neutralized  with  solu¬ 
tions  of  zinc  Hydroxide  in  ammonia,  cobalt  hydroxide  in 
ammonia  or  copper  salts  in  cthvlcncdiaminc  to  obtain, 
e.g.,  Zn(NH3)*l320H1;Clf„  Co(NH3)6B20H13Br5  and  Cu 
(ethylene  diamine) BaoH#!#. 

Aqueous  solutions  can  be  neutralized  with  ammonium 
hydroxide,  isobutylamine,  ocladecylaminc,  allylaminc,  and 
the  like  to  obtain,  c.g.,  (NH4)2B2oHi2C16, 

(C3H7NH3)2B20HuRr5  . 

CiaH37NH3)3B20H9IBl  (C3H5NH3)2B20H12C1o,  and  similar 

saJi.x. 

UTILITY 

The  invention  provides  a  broad  class  of  new  boron 
compounds  which  find  applications  in  many  fields. 

The  compounds  of  the  invention,  particularly  the  less 
■highly  substituted  products,  arc  useful  as  impregnating 
agents  in  the  preparation  of  resistors.  To  illustrate,  a  sec¬ 
tion  of  a  cotton  string  is  immersed  in  a  nearly  saturated 
solution  of  [(CM3).tN]2B20H|2Cl(!  in  a  mixture  of  aceto¬ 
nitrile  and  water.  The  string  is  withdrawn  from  the  solu¬ 
tion  and  the  solvent  is  removed  by  drying  in  air.  A  free 
flame  is  applied  to  the  dried  impregnated  string  and  it 
burns  with  difficulty  to  yield  a  coherent  asii  which  in 
size  and  shape  resembles  the  original  string.  The  residual 
skeleton  is  of  sufficient  coherence  to  permit  embedding 
in  paraffin.  The  section  of  residue,  so  treated,  shows  a 
resistance  on  the  order  of  5000  oltms/cm.  The  residue 
from  a  control  section  of  string  is  very  small  and  shape¬ 
less  and  it  cannot  be  handled. 

In  the  group  of  compounds  which  fall  within  the  scope 
of  Formula  I,  the  component  M  represents  a  range  of 
groups  which  arc  readily  interchangeable  by  inctutliclic 
reactions  as  described  earlier.  All  of  the  salts  which  fall 
within  the  scope  of  Formula  1  can  be  used  to  prepare  the 
gfju,1  ul  iHih  tfrtfrwUl&J  c  uir  Ica-'ly  II*  IMWO'C  „y,, 
or,  in  aqueous  solution,  as  (n5O)2B20II18_nXn  by  passing 
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aqueous  or  alcoholic  solutions  of  the  sails  through  an 
acidic  inn-exchange  resin  as  described  earlier.  The  acids 
of  diis  group  am  strong  neiils  and  they  ale  useful  in  indus¬ 
trial  applications  where  it  is  desired  to  avoid  contnmina- 
G  lion  from  sulfate,  chloride,  bromide,  chlorate,  phosphate, 
and  like  strong  acid  anions.  Thus,  the  acids  arc  useful  for 
etching  metals,  such  as  steel,  and  for  rust  removal,  for 
pickling,  for  scale  removal  and  for  similar  metal  process¬ 
ing  operations, 

]q  The  acids,  described-above,  arc  useful  as  catalysts  in 
the  preparation  of  esters,  c.g.,  in  t he  reaction  of  alcohols 
and  organic  carboxylic  acids,  to  improve  the  yields  of  the 
desired  esters.  The  acids  of  the  invention  arc  employed 
for  this  purpose  in  the  same  manner  ns  p-tolucncsulfonie 
1G  acid,  sulfuric  acid  or  alcoholic  hydrogen  chloride. 

Aqueous  solutions  of  the  acids  are  useful  as  agents 
for  absorbing  noxious  basic  materials  from  the  air,  e.g., 
traces  of  ammonia,  lower  alkyl  amines  and  the  like.  To 
illustrate,  air  contaminated  with  mcthylamines  is  passed 
20  through  an  aqueous  solution  of  ir2il2l)ll|2Clo  ora  solution 
of  II2B2llHi3Br5  and  the  amines  are  removed. 

All  of  the  compounds  of  the  invention  arc  useful  as 
components  of  fireworks  compositions  to  impart  a 
pleasing  color  and  sparkle  to  the  display,  c.g., 
25  1(C1I3)4N]2B201I12CIc,  {(CH3)4NI3»Ml[,3nr6,  and  like 
salts,  such  as  the  strontium,  magnesium  and  coihalt  salts, 
can  be  used  in  such  compositions. 

The  silver  salts,  i.e.,  the  compounds  of  Formula  1, 
where  M  is  Ag,  in  the  presence  of  an  excess  of  silver  ion, 
50  reduce  the  ion  to  metallic  silver.  These  compounds  arc, 
therefore  useful  in  the  photographic  arts  and  in  the 
preparation  of  printed  circuits.  To  illustrate,  a  cclluiosie 
sheet  is  immersed  for  n  few  minutes  in  an  aqueous  solu¬ 
tion  of  silver  nitrate  and  dried  in  air.  A  solution  of  a 
35  compound  of  Formula  1,  c.g..  the  tctrnnvcthylammoniiim 
salt  of  Example  I,  is  applied  to  the  dried  impregnated 
sheet  and  a  deposit  of  metallic  silver  forms  on  the  sheet 
at  the  points  of  application.  Further,  a  cellulose  sheet  is 
immersed  for  a  few  minutes  in  a  solution  of  a  salt  of 
<40  Formula  1,  c.g.,  the  compound  of  Example  III,  and  dried 
in  air.  A  solution  of  AgN03  is  applied  to  the  dried  sheet 
and  a  deposit  of  metallic  silver  forms  on  the  sheet. 

As  many  apparently  satisfactorily  different  embodi¬ 
ments  of  this  invention  may  be  made  without  departing 
4-  from  the  spirit  and  scope  thereof,  it  is  to  be  understood 
that  this  invention  is  not  limited  to  the  specific  embodi¬ 
ments  thereof  except  as  defined  in  the  appended  claims. 

The  embodiments  of  the  invention  in  which  nn  ex¬ 
clusive  pZi>petry  of  pt,v.Lt,c  claimed  m\,  Jcm.cd  as 
(50  follows: 

1.  A  compound  of  the  formula 

IvI3(B2oHiS_nX„)b 

wherein  M  is  a  cation  having  a  valence  of  1-3,  inclusive, 
05  and  is  selected  from  the  class  consisting  of 
hydrogen, 
hydronium, 

metal  selected  from  Groups  f  and  11  of  the  Periodic 
Table  having  an  atomic  number  of  up  to  80, 

00  ammonium,  / 

hydrazonium, 

[Ni(NII3)B] >2,  |Zn(NII3).,l 12 
[Co(NH2C2M.,NIU)31+3,  |Ni(dipyridyI)3l « 

O'*  [Co(NHj),l+>,  [Co(NHj).,l+* 

aryldiazonium  of  6-10  carbon  atoms, 

S-substilutc.d  Milfonium, 

P-subst it uled  pliosphoiiium, 

70  N-substitutod  ammonium, 

N-stibslituted  Itydrazinium 

wherein  the  substituents  on  the  S,  P  ami  N  atoms 
arc  selected  from  t he  class  consisting  of  alkyl. 
nHMtyl,  cyefe1!**!,  eye!-  s'fcsny!-,  ttfjt,  afMfcyl, 
75  alkaryl,  cyn noalkyl  and 
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in m.  moi  plioliiiiimt.  and  the  like,  as  cations.  These  tl- 
hi1  trillions  .ire  not  limiting  and  'hey  demonstrate  tile 
breadth  of  mclathetic  reactions  which  can  be  used.  _ 
Compounds  of  tite  invention  in  which  the  (troop  M  ts 
if  „  e;.,l  or  .,  Wvinvt  type  comply  frequently  contain  r. 
si >i vent  of  ciwtall./ation  when  t-oklcd  hy  conventional 
me, It, hIs.  I  he  solvent,  e.c..  water,  can  he  bound  loosely 
,|,e  lattices  of  the  crystals  or  it  can  be  associated  by 
Mtoncer  bonds  with  the  metal  cation  or  Werner-type  com- 
,.'e\  cation.  Solvent  of  crystallization,  entrapped  in  ln 
ci vst.il  lattices,  is  removed  easily  by  well-known  pro- 
eedtucs.  cat.,  healing  tinier  reduced  pressure.  Solvent  of 
crsstalii/ation  which  is  associated  with  the  cation  is  more 
difficult  to  temose,  and  for  most  applications,  it  ts  not 
necessary  to  icmovc  contplcicly  this  type  of  bound  in 

solvent.  .  ,  . 

lie  products  of  the  invention  and  processes  for  ob- 
t.anine  them  are  illustrated  in  the  following  examples. 

The  preparation  of  a  rcpicsentativc  compound  of  the 
t\pe  M,l ll|oll‘„)b.  which  is  employed  as  a  principal  re-  “0 
actant,  is  also  iilustialcil. 


1:  mm I'li’  .1  7 

A.  t'ltltt’AUATIOS  « •!■'  PIS  (  HIM  I'.Ttl  VI.  SlIliUDl.) 

in:t.’AiuiitAXi:i t-i  25  s 

A  reaction  vessel  having  a  capacity  of  about  365  g.  of  r 
water  is  charged  with  0  79  g.  of  dccabortmcf  14),  cooled 
in  liquid  nitrogen.  and  then  evacuated  to  a  prcssuic  of  10 
microns  of  mercury.  Approximately  31  g.  of  dimethyl 
Milfulc  is  condensed  onto  the  decaboranc  m  the  reaction  30 
vc"el.  The  reaction  vessel  is  closed,  allowed  to  warm  to 
room  temperature  and  stand  for  4  days.  During  this  time, 

6  ft  millimoles  of  Imltogcn  is  evolved.  The  reaction  vessel 
is  opened  and  excess  dimethyl  sulfide  is  removed  by 
distillation,  leaving  a  practically  quantitative  yield  of  33  / 
white  solid  res, due  of  IlwllB-JfCHjJjS.  The  compound 
is  lecryslullized  from  ethyl  acetate  and  it  melts  at  1-— - 
c.  The  compound  is  called  bisfdimcthyl  sulfide)dcc- 
ahorane(l2). 

C.  I'ltKPAIlATlOX  OP  MiIIhIIw  ('VI I  MUM  M  IS  NII«) 
llisf dimethyl  sulfide  Jdccaboranc 1 12)  (8.5  g.)  is  mixed 
with  50  ml.  of  liquid  ammonia  and  stirred  in  a  round- 
hottom  reaction  vessel  lor  l  hour  with  the  vessel  being 
cooled  to  a  temperature  of  about  —50”  C.  by  partial  45 
immersion  in  a  bath  of  a  mixture  of  solid  carbon  dioxide 
and  acetone.  ‘I  be  cooling  bath  is  then  removed  and  the 
excess  ammonia  is  allowed  to  evaporate  with  stirring. 

The  remaining  traces  of  ammonia  arc  removed  by  sub¬ 
jecting  the  residue  to  a  high  vacuum  (0.01  mm.  of  50 
mercury)  at  25*  C.  There  is  obtained  5.6  g.  of  solid 
residue  which  is  virtually  a  quantitative  yield  of 
(Nli«);TliolllO- 

Lxitmplc  H 

A.  A  reaction  vessel  is  chanted  with  100  ml.  of  water  uo 
and  i.-to  g.  of  (NII«):»tnHio.  The  mixture  is  stirred  and 
n  solution  of  5.4  p*  of  in  h0  nil.  of 

water  is  added  gradually.  Involution  of  gas  occurs  and  a 
deep  blue-violet  solution  forms,  A  concentrated  aqueous 
solution  of  (CM,)«NCI  is  added  to  the.  reaction  mixture  ««• 
with  stirring  and  in  sidhcicnt  iimounl  to  precipitate  com¬ 
pletely  a  violel-voloied  solid.  The  solid  is  separated  by 
filtration  and  it  is  purified  by  crystallization  (torn  hot  wa¬ 
ter  to  yield  the  yellow  compound,  hisftctramcthylam- 

monittm  hKltulceahydrocicosaboratel  2"). 

The  compound  is  soluble  in  acetonitrile,  hot  methanol 
and  hot  water.  The  identity  of  the  product  is  confirmed 

by  elemental  analysis. 

/fm«/v.w'.t. — Cale’d  for  |Cllj)4N]2ll2nIfij:  C,  25.10;  H, 

1 1.06;  N,  7.32;  II,  56.51;  I'q.  Wt.,  191.4.  Found:  C,  26.28;  <0 
11.  11.49;  N,  7.55,  7.80;  II.  54.28;  F.q.  Wl.,  188,  204. 

The  identity  of  the  compound  is  further  confirmed  by 
,iuro.«fi  'he  iwwfwr  til  nt'es  <tl  hrdiwen  obtained 
from  the  boron  moiety  ( H;.„ i  I m )  upon  complete  Itydroly- 
sis  to  btuic  acid.  Hie  values  lor  mules  ll2  obtained  per  "•» 


mole  t(CHa)4Nl:IWIi«.  are  as  follows:  Cale'd.  40.0. 
Found:  39.904  and  40.086. 

11.  A  solution  uf  [(CIlaj^NljIlntJlin  in  methanol-water 
is  passed  through  a  column  packed  with  a  enmmetciiil 
acidic  ion-exchange  resin  or  the  poly-sulfonic  acid  type. 
The  diluent  is  a  solution  of  tnc  acid  H4!;,i!1iii.  oi.  c-.- 
pressed  as  a  hydroilium  acid,  (I  l  iO)e,!roi  I  in-  ’Hie  aqueous 
solution  is  used  without  further  processing  to  prepare 

salts  of  the  acid..  . 

C.  A  portion  of  an  aqueous  solution  of  the  dibasic 
acid,  prepared  as  described  in  Part  A,  is  titrated  w-itli  an 
aqueous  solution  of  sodium  hydroxide  until  the  icttclioii 
mixture  is  neutral  (pH=7).  The  resulting  aqueous  solu¬ 
tion  is  yellow  and  its  ultraviolet  spectrum  shows  absorp¬ 
tion  in  regions  which  are  characteristic  for  salts  of  the 
ll20ll„  anion. 

The  yellow  solution  is  evanorated  to  dryness  under 
reduced  pressure  (less  than  I  mm.  of  Hg)  to  obtain 
crude  Na2B2oHm  as  a  tan-colored  solid.  The  compound 
is  purified  by  crystallization  from  methanol.  The  poxl- 
uct  so  obtained  contains  water  of  crystallization, 
Analysis. — Cale’d  for  Na2HjoHuj-2I-I20:  II,  68.3-1;  II. 
7.07.  Found;  II,  68.21 ;  II,  7.25. 

The  compound  can,  if  desired,  be  obtained  free  of 
solvent  of  crystallization  by  healing  for  a  time  at  very  low 
pressure.  The  molecular  weight  of  the  compound 

Nn2B2oH]B 

determined  by  freezing  point  depression  in  aqueous  solu¬ 
tion  gives  the  following  values;  103,  99,  89,  88,  i.c.,  an 
average  mol.  wt.  of  95;  calc’d  value:  93.3. 

Example  I 

A  reaction  vessel  is  charged  with  100  ml.  of  ClI-CN 
.  ,and  5.73  g.  of  f  (CH3).|Nl2ll20H,t.  prepared  as  described 
in  Example  B,  Part  A.  The  mixture  is  stirred  and  a  solu¬ 
tion  consisting  of  20.03  g.  of  N-eli!i>rosticcinintidc.  50 
ml.  of  CHjCN  and  100  ml.  of  water  is  added  with  stirring. 
The  mixture  is  heated  to  boiling  for  a  period  or  time  until 
j  a  solid  forms.  The  solution  is  cooled  to  about  25°  C.  and 
large  yellow  crystals  form.  The  crystals  arc  separated  and 
rccrystallizcd  from  acctonitrilc-watcr  solution  to  obtain 
f(CH2)4N]j»MHnClc.  The  identity  of  the  product  is  con¬ 
firmed  by  elemental  analysis. 

-  Analysis. — Calc’d  for  I  (CH])4N  1  :iI3 2Ql I i2CI0:  C,  16.30; 

H,  6.! 6;  13,  36.71;  Cl,  36.08;  N,  4.75.  Found:  C,  16.80, 
16.70;  1-1,  6.25,  6.36;  13,  36.18,  36.10;  Cl,  36.93,  36.75; 
N,  4.51,4.64, 

Example  11 


A  reaction  vessel  is  charged  with  3.82  g.  of 
[CHj)4N]2B20H18 

50  ml.  of  CHjCN  and  20  ml.  of  CHaOH.  The  mixture  is 
stirred  and  a  solution  consisting  of  S.90  g.  of  N-bromo- 
succinimidc,  50  ml.  of  CHjCN  and  20  ml.  of  CHjOII 
is  added.  The  reaction  mixture  is  warmed  on  a  hot  plate 
until  about  half  of  the  solution  evaporates.  Water  is 
added  to  the  solution  anil  il  is  warmed  again  until 
the  organic  solvents  are  removed.  The  remaining  aque¬ 
ous  solution  is  cooled  to  about  25  C.  and  a  yellow  solid 
precipitates.  The  solid  is  separted  and  il  is  reciystalli/.cd 
from  acctonitrilc-watcr  solution  to  obtain 

l  (Cl  Ij)«N  J2IW  IuBr5 

The  ultraviolet  spectrum  of  the  compound  in  solution  in 
CH3CN  shows  absorption  peaks  at  242  m/x  anil  307  mn. 

Analysis. — Calc’d  for  [ (CM2)4N  IjBroHn'OrP  C,  12.36; 
II,  4.80;  13,  27.84;  I3r,  51.40.  Found:  C,  12.92;  If,  5.15; 
13,  27.98;  13r,  49.53. 

Example  111 

A  reaction  vessel  is  charged  with  3.82g.  of 
50  ml.  of  CHjCN  and  20  ml.  of  CM., Oil.  The  reaction 
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hydroxy. ill.\ I,  wherein  ouch  of  the  immediately  above 
ptonps  cunt. lias  tit  must  IS  carbon  atoms, 

C  is  hnloccn,  n  is  a  positive  number  of  1-18,  inclusive; 
ad  a  and  h  me  the  smallest  whole  munbers  which 
atisly  live  cijtiation  0 

,  n  X  vali'acn  of  M 
l  = - ,, - 
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2.  A  compound  of  claim  1  in  the  hydrated  form. 

3.  !<ai;.>sN!  !!.•  ,1 1  I,-.. 

4.  ,\  compimnd  of  claim  3  in  the  hydrated  form. 

5.  It.lt.dlijCI,. 

f>.  A  compound  of  claim  5  in  the  livdratcd  form.  15 

7.  KC'IIjI.NI  Hrllnllr-,. 

iH.  A  comp,  nail  of  claim  7  in  the  hydrated  form. 

'!.  N  i.lt  .,1 1,  a 'ir. 

ill.  A  compound  <  f  claim  9  in  the  hydrated  form. 

It.  /niMl1)lH..dh:‘  I*.  20 

12.  A  compound  ol  claim  11  in  the  hydrated  form. 
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METHOD  OF  PREPARING  TF.TRAE « HYLAM- 
MONKIM  DECAHYDRODECA  BORATES 
Joseph  M.  Makhlouf,  Mars,  and  Gerald  T.  Hcffernan, 

llntlcr,  Pa.,  assignors  to  Gallery  Chemical  Company, 

Pittsburgh,  I’a.,  a  corporation  of  Pennsylvania 
No  Drawing.  Filed  Sept.  14,  i960,  Ser.  No.  S79.198 
3  Claims.  (Cl.  260—567.6) 

This  invention  relates  to  a  new  method  of  preparing 
decahydrodecarhorates  and  more  particularly  to  their 
preparation  by  the  thermal  decomposition  of  octahydro- 
triborates.  . 

Meutterties  and  Knoth.  Chemical  and  Engineering 
News.  May  9,  1966,  pages  88  to  98.  in  reviewing  the  ex¬ 
tensive  chemistry  of  the  polyhedral  bora  res,  which  are 
of  unusual  interest  because  of  their  aromatic  character, 
note  the  particular  importance  of  the  decahydrodccabo 
rate(-2)  ion,  !!10Hi0--.  Heretofore,  dccahydrodecaboratcs 
have  been  prepared  from  dccaborane,  B,„H |4,  which  is  an 
extremely  expensitc  starting  muluiat.  Tin.  p,ep.<,,iti<j,i 
of  decahydrodecaborates  by  pyrolysis  of  octahydrotri- 
borates  is  disclosed  in  the  co-pcnding  application  Ser.  No. 
579,220  of  Makhlouf  and  Hough  filed  on  even  date  here¬ 
with. 

It  is  therefore  an  object  of  this  invention  to  provide 
a  simple  and  direct  method  of  preparing  compounds  con¬ 
taining  decahydrodecaborate(-2)  ion.  Another  object  is 
to  provide  a  method  of  preparing  tetraethylammonium 
decahydrodecaborate  by  pyrolysis  of  tetraethylammonium 
borohydride. 

In  accordance  with  this  invention,  tetraethylammonium 
borohydride  (C2H5)4NBH4,  is  pyrolyzed  at  a  temperature 
above  its  decomposition  temperature,  about  185°  C„ 
under  an  inert  non-oxidizing  atmosphere,  suitably  nitro¬ 
gen  or  argon.  It  is  preferred  to  use  temperatures  below 
about  220°  C.,  because  at  higher  temperatures  significant 
amounts  of  dodecahydrododecaborates  are  produced. 
The  pyrolysis  reaction  proceeds  substantially  quantita¬ 
tively  according  to  the  equation: 

|(VCiBtWNEH^-(CCiH*]l4N! 

+8(C2H5)3N-j-8C2He+MHa 


2 

Illustrative  of  this  reaction,  5.69  grams  (39.2  millimols) 
of  (C2H5)4NBH|  were  piaced  under  a  nitrogen  atmos¬ 
phere  in  a  250  ml.  steel  cylinder  reactor  equipped  with 
a  vent  for  discharging  gases  through  a  mercury  trap  and 
g  a  wet  test  meter.  The  reactor  was  heated  slowly  to  185°  C. 
and  after  18  hours  at  this  temperature,  off-gassing  ceased. 
Two  liters  of  methane  and  hydrogen  were  produced 
compared  to  1.95  liters  theoretically  expected  from  the 
above  stated  equation  and  triethylamine  distilled  from  the 
l„  reaction  into  the  bubbler.  The  solid  residue  in  the  reactor 
was  vacuum  dried  to  yield  1.44  grams  (3.8  millimols)  of 
I  (C2H|;),Nl2BinH|o.  a  97%  yield.  The  infrared  spectrum 
of  the  product  was  identical  to  that  of  an  authentic  sam¬ 
ple  of  I  (C2Hs)4N|2B10H10  prepared  by  the  method  of 
1.-,  the  aforementioned  co  pending  application  of  Makhlouf 
and  Hough.  The  elemenial  analysis  of  the  product  was 
29.51%  B,  48.40%  C,  13.79%  H,  and  7.21,%  N  com¬ 
pared  to  the  theoretical  elemental  content  28.54%  B, 
50.68%  C,  13.3%  H  and  7.39%  N. 

2ti  According  to  the  provisions  of  the  patent  statutes,  we 
have  explained  the  principle  and  mode  of  practice  of  our 
invention  and  have  described  what  we  now  consider  to 
represent  its  best  embodiment.  However,  we  desire  to  have 
it  understood  that,  within  the  scope  of  the  appended 
25  claims,  the  invention  may  be  practiced  otherwise  than  as 
specifically  described. 

We  claim: 

1.  A  method  of  preparing  tetraethylammonium  deca- 
hydrodecaborate  comprising  the  steps  of  thermally  de- 

30  composing  tetraethylammonium  borohydride  under  an 
inert  non-oxidizing  atmosphere  and  recovering  the  tetra- 
elhylammonium  decahydroborate. 

2.  A  method  according  to  claim  1  in  which  the  tem¬ 
perature  i  between  about  180  and  220°  C. 

35  3.  A  n  .thod  according  to  claim  1  in  w'hich  the  tem¬ 

perature  about  185°  C. 

No  references  cited. 

40  CHARLES  B,  PARKER,  Primary  Examiner. 

S.  T.  LAWRENCE  III,  Assistant  Examiner. 


United  States  Patent  Office 


3,373,203 

Patented  Mar.  12,  1968 


3,373.203 

PREPARATION  OF  DECAIIYDRODECABORATES 
josciiii  ,\l.  MaWiTolif,  M.iis,  ifi.il  WMt.itt  V. 

Clibsonia,  Pa..  assignors  Jo  Callcry  Chemical  Com¬ 
pany,  Pittsburgh,  Pa.,  a  corporation  of  Pennsylvania 

No  Drawing.  Hied  Scpl.  14,  1966,Scr,No.  579,220 
6  claims.  (LI.  2u0 — 567.6) 

Tliis  invention  relates  to  a  new  method  of  preparing 
deeahydrodecuboralcs  and  more  particularly  to  their  prep¬ 
aration  by  the  thermal  decomposition  of  octahydrotri- 
borates. 

Meiittortics  and  Knoth,  Chemical  and  Engineering 
News,  Mav  9,  1966.  pages  88  to  98,  in  reviewing  the  ex¬ 
tensile  chemist! y  of  the  polyhedral  boranes,  which  are 
of  unusual  interest  because  of  their  aromatic  character, 
note  the  particular  importance  of  the  decahydrodccabo- 
ralc  (-2)  ion,  ltloiiio~2-  Heretofore,  decahydrodecabo- 
rates  have  been  prepared  from  deeaborane,  C.qHh.  which 
is  an  c'tremely  expensive  starling  material. 

It  is  therefore  an  object  of  this  invention  to  provide  a 
simple  and  diicet  method  of  preparing  compounds  con¬ 
taining  decahyilrodccahoiato  (—2)  ion. 

Another  object  of  this  invention  is  to  provide  a  method 
of  primming  decahydiodccaborate  salts  by  pyrolysis  of 
octahydrotriboiatc  salts.  Other  objects  will  be  apparent 
from  the  following  description  and  claims. 

In  accordance  with  tiiis  invention,  potassium  octnhydro- 
triburate,  KU.M,,,  cesium  octahydrotriborate,  CsB3H8, 
tetramethji  iminonium  octahydrotriborate, 

<CH3)4NB3II8 

or  letraelhylammor.ium  octaiiydrotriborate, 
(C2HS)4NB3H, 

are  pyrolyzed.  or  heated  to  a  temperature  at  which  they 
thermally  decompose,  to  produce  the  corresponding  deca- 
hydroJccaboratc  salt. 

Tctranicthylammoniurn  octahydrotriborate  thermally 
decomposes  according  to  the  equation: 


(I)  S(CHi)iNTI|IIi - ♦  I(CHj)»N]!BhHi« 

h  lit*  1 1  jIiKJ  n  Itllit  +  5(CH.)jNBHi  (-  BCII,  +  1BH 
Potassium  and  cesium  oelahydrotriborates  decompose 
primarily  according  to  the  equation: 

(•.*)  4MU|1I|  -  **-»  M1B10II11  +  2MB III  +  4H. 
where  M  represents  K  or  Cs,  although  pyrolytic  reactions 
giving  other  polyhedral  boron  compounds  also  occur 
simultaneously  to  some  extent. 

Tctracthylammonium  octahydrotriborate  is  a  much  pre¬ 
ferred  starting  material  as  it  decomposes,  apparently  by 
a  dilferent  mechanism,  to  give  substantially  quantitative 
recovery  of  the  boron  as  the  decahydrodccaborate  (-2) 
ion  according  to  the  equation: 


(1)  llK'*illiIiNI)itIi  - - *3[C1Hi)iN]>BhIIio 

+  8(CiUs)iN  +  8C.IE  +  mil 

In  the  practice  of  this  invention,  the  octaiiydrotriborate 
is  healed  to  at  least  its  decomposition  temperature,  about 
160-163*  C.  for  the  potassium  and  cesium  salts  and  about 
180-188'’  C.  for  the  tetramctliylamnumiiim  and  tetraethyl- 
nmiminimn  salts,  under  an  inert,  non-oxidizing  atmos¬ 
phere,  suitably  nitrogen,  argon  or  other  noble  gas.  Higher 
temperatures  may  he  used  but  it  is  preferred  to  use  tem¬ 
peratures  below  about  220°  C.  because  at  higher  tcmpeio- 
I n res  the  pyrolysis  reaction  produces  higher  proportions  of 
dodcealiydrodeeaborale  (—2).  The  solid  residue  re¬ 
maining  on  removal  of  the  volatile  reaction  products  is 
substantially  puie  doe.diydis>dctatii>iiito  ( — 2 )  When 


using  tctraethylammanium  octahydrotriborate,  or  when 
using  other  octahydroboratcs,  a  mixture  of  dccahydro- 
decaborate  (—2)  salt  with  other  solid  pyrolysis  products 

fivi.i  v  i, iuh  ii  i-  t.,  .iVensii. 

5  The  following  examples  are  illustrative  of  this  inven¬ 
tion: 

Example  1 

'  9.16  ^(53.64  niillimols)  of  tctracthylammonium  octa¬ 

hydrotriborate  was  placed  under  a  nitrogen  atmosphere 
10  in  a  250  cc.  steel  cylinder  provided  with  a  vent  discharg¬ 
ing  through  a  mercury  trap  and  a  wet  test  meter.  The 
temperature  was  slowly  raised  to  and  maintained  at  185“ 
for  about  20  hours,  until  off-gasing  ceased,  at  which  time 
the  vent  was  closed  and  the  cylinder  was  cooled  to  room 
15  temperature.  About  3.8  liters  (STP)  of  ethane  or  hydro¬ 
gen  were  vented  during  the  pyrolysis  compared  to  3.62 
liters  according  to  Equation  3,  and  5.88  g.  (96.5%  yield 
according  to  Equation  3)  of  solid  tetracthylammonium 
decahydrodccaborate  was  recovered  for  the  reactor.  Tri- 
-u  ethylamine  product  was  distilled  from  the  reactor  during 
the  pyrolysis  and  collected  in  the  mercury  bubbler.  Chem¬ 
ical  elemental  analysis  of  the  product  was  29.7%  B, 
48.72%  C,  14.1%  H  and  7.27%  N,  compared  to  the 
theoretical  elemental  content  for  [(C2H5)4N]2BioHu,  of 
28.54%  B,  50.68%  C,  13.3%  H  and  7.39%  N.  A  por¬ 
tion  of  this  pyrolysis  product  was  dissolved  in  acetonitrile, 
and  about  2-3%  by  weight  of  the  pyrolysis  product  was 
insoluble  [(C2H5)4N]2B12H,2  that  was  filtered  out.  Tetra- 
mcthylammonium  octahydrotriborate  was  added  to  the 
'  solution  to  form  tetracthylammonium  decahydrodecabo- 
rate  by  the  metathetic  reaction: 

ch.cn 

l(C1II5),NliB,»n,o  +  2(CUi),NB.Hi  - ► 

35  (( C  n.)  ,N]i  B 10H1O  +  2(CiHi),NBin. 

The  infrared  spectrum  of  the  tctramcthylammonium  deca¬ 
hydrodccaborate  was  identical  to  that  of  an  authentic 
tctramethylamrnonium  decahydrodccaborate  prepared  by 
the  method  of  Hawthorne  and  Pitochelli,  J.  Am.  Chem. 
4U  Soc.,vol.  81,  5519  (1958). 

The  B11  NMR  spectrum  of  the  solid  pyrolysis  product 
dissolved  in  acetonitrile,  showed  the  expected  two  dou¬ 
blets.  The  high  field  doubet  with  a  coupling  constant  of 
128  cps.,  centered  at  52  p.p.m.,  (CH30)3B  as  ref.  This 
4f>  corresponds  with  B11  NMR  values  for  the  Bi0H10-2  anion, 
reported  by  E.  L.  Meutterties  et  al.  Inorg.  Chem.,  vol.  3, 
444  (1964). 

Example  II 

00  Example  I  was  repeated  except  that  5.36  g.  (46.7  milli- 
mols)  of  tetramcthylammonium  octahydrotriborate  was 
used  in  place  of  the  tetraethylammonium  octahydrotri- 
borate.  The  measured  otT-gas  of  hydrogen  and  methane 
was  2.58  liters  as  compared  to  2.60  liters  theoretical  front 
05  Equation  1,  and  4.68  g.  of  solid  material  was  recovered 
from  the  reactor.  Extraction  of  the  solid  product  with 
methylene  chloride  yelded  1.68  grams  of  (CH3)3NBH3 
as  the  soluble  fraction.  The  methylene  insoluble,  fraction 
>  was  extracted  with  water  to  yield  an  1.33  g.  of  water  m- 
,  CO  soluble  [(CH3).tN]2B12H12  and  1.39  g.  of  water  soluble 
[(CH3)4N]2B10Hi0,  a  95.5%  yield  based  on  Equation  1. 


Example  III 

Example  I  was  repeated  except  that  8.9  g.  (112.0  milli¬ 
on  nu, Is)  of  KB;|H0  was  used  in  place  of  the  tetracthylam- 
moiiium  octaiiydrotriborate.  The  measured  hydrogen  off¬ 
gas  was  4.55  liters  as  compared  to  a  theoretical  4.9  liters 
according  to  Equation  2.  The  residual  solids,  8.23  grams, 
containing  sodium  decahydiodccaborate,  was  dissolved  tn 
70  an  aqueous  solution  of  (C'H3)4NCI,  leaving  undissolvcd 
(CHJ4NB1!4  uwiwiiitwfivmflii'hfc 


3,373,203 

3  4 

(CIIj)iNnuIl!4  phere  an  octuhydrotriboiatc  of  the  formula  MBaHa,  where 

,  .  .  ...  M  is  potassium,  cesium,  tctramcthylammonium,  or  tetra- 

iilcutilitil  by  infraicd  spc^tntm  an, 'lysis.  The  water  soUdi.c  etliylammomum  and  recovering  the  occaiiydi  oikcabo, ate 
material  was  piiinarily  I  (CH.i),NIaB|oHM. 


Example  IV 

Example  I  was  repeated  except  that  5.02  grams  (29 
niillinuls)  of  t  Ml|lla  was  used  in  place  of  the  tetraethyl- 
ammonium  oetahydrotriboiate  and  1.26  liters  of  hydrogen 
was  evolved  during  the  pyrolysis  compared  to  theoretical 
of  1.27  liter,  according  to  liquation  2.  The  infrared  ab¬ 
sorption  of  the  solid  product,  4.95  grams,  was  substan¬ 
tially  the  same  as  that  of  the  solid  product  from  Example 
III:  the  absorption  bands  are  at  2488,  2278,  2225  (shoul¬ 
der!.  1115.  HM0-  I025  (medium)  and  720  cm.-1  (broad 
and  shallow). 

According  to  the  provisions  of  the  patent  statutes,  we 
have  explained  the  principle  and  mode  of  practice  of  our 
invention  and  have  described  what  we  now  consider  to 
represent  its  best  embodiment.  However,  we  desire  to  have 
it  understood  that,  within  the  scope  of  the  appended 
claims,  the  invention  may  be  practiced  otherwise  than  as 
specifically  described. 

We  claim: 

1.  A  method  of  preparing  a  decnhydrodccaborate  salt 
comprising  thermally  decomposing  under  an  inert  atmos- 


i  2.  A  method  according  to  claim  1  in  which  the  tempera¬ 
ture  is  below  about  220°  C. 

3.  A  method  according  to  claim  1  in  which  the  octnhy- 
drotriborate  is  tc'racthylamiiioniuni  octahydrotriboratc. 

4.  A  method  according  to  claim  3  in  which  the  tem- 
,  perature  is  below  about  220“  C. 

u  5,  A  method  according  to  claim  4  in  which  the  tem¬ 
perature  is  about  185“  C. 

6.  A  "method  according  to  claim  1  in  which  the  octa- 
hydrotriborate  is  tctramcthylammonium  octahydrotri- 
borntc  and  the  pyrolysis  product  contains  tetramcthylam- 
monium  dccahydrodecaborate,  leaching  said  pyrolysis 
product  with  methylene  chloride,  and  extracting  the  re¬ 
sultant  solid  residue  with  water  to  recover  an  aqueous 
solution  of  tetramethylammonium  dccahydrodecaborate. 
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plications  Ser.  Nos,  351,583,  now  U-S.  Patent  No.  3,305,- 
555,  issued  Feb.  21,  1967  and  351,582,  now  U.S.  Patent 
No.  3,296,274,  issued  Jan.  3,  1967.  Thus,  the  nucleophile 
~  or  ligand  may  be  a  tertiary  amine  in  which  the  nitrogen 
.  atom  is'bonded  only  to  carbon  atoms  of  hydrocarbon  or 
*  substituted  hydrocarbon  radicals.  The  tertiary  amine  may 
have  the  formula 


ABSTRACT  OF  THE  DISCLOSURE 

Salts  of  boron-containing  cations  and  boron-contain¬ 
ing  anions,  their  method  of  preparation  bv  the  metatheti- 
cal  reaction  of  other  salts  of  boron-containing  cations  1 
with  boron-hydride  salts  and  their  use  as  high  energy  solid 
rocket  propellant  ingredients,  burning  rate  modifiers  for 
rocket  propellants,  and  boron-containing  gasoline  addi¬ 
tives  are  disclosed. 


wherein  R,,  R2,  and  R3  are  the  same  or  different  hydro¬ 
carbon  radicals  or  substituted  hydrocarbon  radicals.  For 
example,  they  may  be  lower  alkyl  (e.g.,  methyl,  ethyl,  n- 
propyl,  isopropyl,  butyl,  etc.),  aryl  (e.g.,  phenyl,  bi¬ 
phenyl,  naphthyl,  etc.),  aralkyl  (e.g.,  benzyl,  xylyl,  etc.), 
alkaryl  (e.g.,  tolyl,  dimethyl-phenyl,  ethyl-phenyl,  cu- 
menyl,  etc.)  or  substituted  forms  thereof  (e.g.,  contain¬ 
ing  one  or  more  halogen,  alkoxy,  ester,  thioether,  etc. 
groups).  Also,  the  tertiary  amine  may  have  the  formula 


This  reaction  may  be,  represented  by  the  following 
equation:  wherein  R4  and  R5  are  hydrocarbon  radicals  or  substi- 

I.  r  (Zil  n-  -t-  (Zil  H"|+  25  tuted  hydrocarbon  radicals.  For  example,  R4  may  be  the 

J  n'b//  +  M  _ ,  'b'  u  same  as  previously  described  for  R3,  R2,  and  R3  and  R5 

/  \  ‘  I  („  /  \  may  be  a  bivalent  radical  which,  when  joined  to  the 

*-  [Z)i  nJ  L  lZl1  H Jn  nitrogen  atom  by  both  valences,  forms  a  heterocyclic 

wherein  [Z,]  and  [Z2]  are  each  ligands  selected  from  the  rjng  (egj  pyrrole,  pyrrolidine,  pyrroline,  piperazine,  pi- 
group  consisting  of  tertiary  amines  in  which  the  nitrogen  30  peridine,  pipecoline,  etc.).  Further,  the  tertiary  amine 


atom  is  bonded  only  to  carbon  atoms  and  not  more  than 
one  nitrogen  atom  of  another  amine  radical,  nitriles,  di¬ 
alkyl  sulfides,  and  tertiary  phosphines  in  which  the  phos¬ 
phorus  is  bonded  only  to  carbon  atoms;  wherein  M  is  a 
boron-hydride  anion,  such  as  B9HU_,  B3H8-,  Bi0Hi0=,  55 
b12h12=,  bioh„=,  bh4~,  Bl0H13-N:H4-,  B10H13'NH3-, 
and  B10HuCe=N=;  and  n  is  a  positive  integer  equal  to 
the  valence  of  the  boron-hydride  anion. 


may  have  the  formula 


o 


wherein  Rg  is  a  hydrocarbon  radical  or  substituted  hydro¬ 
carbon  radical  which,  in  conjunction  with  the  nitrogen 


The  boron-containing  cation  useful  for  performing  the  atom,  forms  a  heretocyclic  ring  (e.g.,  pyridine,  naph- 
action  of  the  present  invention  may  have  associated  41)  thyridine,  quinoline,  pyrimidine,  bipyridyl,  etc.).  Addi- 


reaction  of  the  present  invention  may  have  associated  41) 
with  it  any  anion  which  will  not  interfere  with  the  above 
reaction,  such  as  the  chloride,  bromide,  fluoride,  nitrate, 
chlorate,  sulphate,  chloroplatinate,  triiodide,  hexafluoro- 
metaantimoniate,  tetraphenylborate,  tetrachloroborate  and 
fluophosphate  anions,  although  it  is  generally  preferred  43 
that  the  an:on  be  the  fluoroborate  or  perchlorate  anion 
mve  the  fluoroborate  and  perchlorate  of  this  cation  can 
be  p'ep'ifed  directly  from  readily  available  starting  ma¬ 
terials  by  the  processes  described  and  claimed  in  copend- 


tionally,  the  tertiary  amine  may  be  a  hydrazine  derivative 
having  the  formula 


s»..  ’e  the  fluoroborate  and  perchlorate  of  this  cation  can  wherein  R3  and  R8  may  be  the  same  as  Ri,  R2,  or  R3 

be  pvp'ifed  directly  from  readily  available  starting  ma-  above. 

terials  by  the  processes  described  and  claimed  in  copend-  ^lso,  the  ijgamj  can  be  any  of  the  various  nitriles, 

ing  applications  Ser.  Nos.  351,583,  now  U.S.  Patent  No.  50  e  g(  jower  alkylnitriles  (acetonitrile,  propionitrile,  butyro- 

3,305,555,  issued  Feb.  21,  1967  and  351,582,  now  U.S.  nitrile,  etc.),  cyanogen,  lower  alkylene  dinitriles  (malono- 

Patent  No.  3,296,274,  issued  Jan.  3,  1967,  filed  concur-  nitrile,  succinonitrile,  glutaronitrile,  etc.).  Further,  the 

rently  herewith  by  Stafiej  and  Takacs,  and  Stafiej  and  ligand  can  be  a  dialkyl  sulfide,  e.g.,  dimethyl  sulfide, 

Carvalho,  respectively,  and  assigned  to  the  assignee  of  the  ^  etbyj  methyl  sulfide,  diethyl  sulfide,  substituted  forms  of 

present  application.  .  55  the  foregoing,  etc. 

The  boron-hydride  anion  useful  for  performing  the  re-  Additionally,  the  ligand  can  be  a  tertiary  phosphine  in 

action  of  the  present  invention  may  have  associated  with  which  the  phosphorus  atom  is  bonded  only  to  carbon 

it  any  cation  which  will  not  interfere  with  the  above  atoms  of  hydrocarbon  or  substituted  hydrocarbon  radi- 

reaction,  such  as  potassium,  sodium,  lithium,  ammonium,  ca]s  and  which  may  have  any  of  the  formulae 

calcium,  barium,  zinc,  tetramethylammonium,  or  tri-  60  Kl! 

phenylmethylphosphonium,  etc.  Thus,  illustrative  of  the  1  \  \  / 

boron-hydride  salts  useful  in  the  process  of  this  inven-  Rn-P  Ru— P  p— Ri»-P 

tion  are  the  following:  (CH3)4NBjHi4,  KB3H3,  Ca(BH4)2,  r,,  R»  Rn 

CH,  „  VI.  VII.  VIII. 

|  65  tj 

(C.HOiPBjH.  /  \ 

LiB10H13  N2H4,  ZnBl0Hl3C=N,  (NH4)2B10H10  R,,_P\ 

NH4B10H13-NHs  JJ. 

etC,hie  nucleophiles  or  ligands  [Zt]  and  [Z2]  may  be  any  70  wherein  R»,  Rio,  R11.  Ria.  rh»  R15.  R17.  Rib.  ri».  and 

of  the  ligands  described  in  the  aforesaid  copending  ap-  R22  are  monovalent  hydrocarbon  radicals  which  may  be 


the  same  or  different  in  any  given  formula  and  Rj3,  Ru. 
Rj0l  and  R2i  are  bivalent  hydrocarbon  radicals.  These 
monovalent  hydrocarbon  radicals  may  be  any  of  those 
puAiOusly  described  for  R3,  R2,  or  R3  of  Formula  H. 
The  bivalent  hydrocarbon  radical  Ru  can  be  any  one 
which,  when  joined  to  the  phosphorus  atom  by  both  val¬ 
ences,  forms  a  heterocyclic  ring  (e.g.,  tetramethylene, 
pentamethylene,  — CHj— CHj — O— CH2 — CH2 — , 

— CHj— CHj— CeH4(  1,2)— CHj— 

etc.).  The  bivalent  hydrocarbon  radicals  Ru,  R20,  and 
R21  may  be  lower  bivalent  alkyl  groups  (e.g.,  methylene, 
ethylene,  propylene,  butylene,  etc.)  and,  preferably,  R22 
and  R21  together  with  two  phosphorus  atoms  of  Formula 
IX  should  add  up  to  a  five  or  six  atom  heterocyclic  ring 
for  maximum  stability.  Ru  may  also  be  a  bivalent  aryl, 
alkaryl,  or  aralkyl  group  (e.g.,  o-phenylene,  m-phenylene, 
p-phenylene,  o-xylylene,  m-xylylene,  p-xylylene,  toluylene, 
naphthylene,  etc.).  Illustrative  of  ligands  useful  in  the 
process  of  this  invention  are  the  following: 

(CH3)3N,  C„H5N(CH3)2 


10 


15 


20 


/' 


'n-CiIIi 


CH3C=N,  N=C— CsN,  NsC — CH2 — CsN,  (CH3)2S,  25 
CH3SC2H5,  (CH3)3P,  C6H5P(CH3)j, 
ciit-ciii  ciir-cni  ciij  ^nii 

Np-c.iti,  o/  Xp-citi-pf 

/  \  /  /  V 

CHi—ClIi  CHj-Cllj  CHj 


CIIj  30 


CHj 


O 


CHj 


ciij 

C6H5CH2N(C2H5)2 


/ 

\ 


CHj 


CHj — CHj 

CItj  \’-Cnj 
XCHr-CHj 


(C,H5)3N,  (CH3)2NCH3CH2N(CH3)2i  etc. 

All  of  the  foregoing  nucleophiles  or  ligands  have 
been  listed  in  their  simplest  forms,  but  substituted  forms 
thereof  may  also  be  used.  Thus,  they  may  contain  fluorine, 
chlorine,  bromine,  or  iodine  atoms,  ether  linkages,  ester  43 
linkages,  alkoxy  groups,  thioether  linkages,  and  other  v 
substituents  attached  thereto  provided  they  do  not  ad¬ 
versely  affect  the  desired  reaction.  Also,  they  may  include 
additional  nucleophilic  portions  providing  a  plurality  of 
positions  to  which  boron  atoms  can  be  secured  by  ligand  50 
linkages. 

Also,  the  ligands  can  be  those  described  in  our  co¬ 
pending  application  Ser.  No.  351,584,  now  U.S.  Patent 
No.  3,341,582,  issued  Sept.  12,  1967,  filed  concurrently 
herewith  and  assigned  to  the  assignee  of  the  present 
invention,  which  teaches  reacting  boron-containing  cations 
containing  nitrile  groups  with  ethers  and  thioethers  to 
produce  a  novel  class  of  cations.  Thus,  the  ligand  may 
have  the  form 

Y 

— Nil— i— XL 

wherein  Y  represents  a  hydrocarbon  or  substituted  hydro¬ 
carbon  group,  X  represents  — O —  or  — S — ,  and  L 
represents  a  hydrocarbon  or  substituted  hydrocarbon 
group.  For  example,  the  ligand  may  be 
— NH 


— NH 

II"  I' 

CHj-C-OCHj;  N=C— CHj — C — 0 — CHj — CHj 

— NH  -Nil  -NH 


II 

CHj — C — O — CHr— CHj— 0 — C — CHj;  (CHj)jCII 


4-0- 


■C.IIj 


etc. 

These  boron-containing  cations  may  be  prepared  from 
jeadhy  available  staning  material:)  ,i,  awv  'idaneC  -  iiti 
the  teachings  of  the  aforesaid  copending  applications  7 3 


Ser.  Nos.  351,583,  now  U.S.  Patent  No.  3,305,555,  issued 
Feb.  21,  1967;  351,582,  now  U.S.  Patent  No.  3,296,274, 
issued  Ian.  3,  1967;  and  351,584,  now  U.S.  Patent  No. 

3  341  582  issued  Sept  12  19*7, 

'in  application  Ser.  No!  351,583.  now  U.S.  Patent  No. 
3,305,555,  issued  Feb.  21,  1967,  one  method  for  prepar¬ 
ing  the  boron-containing  cations  shown  on  the  left  side 
of  Equation  I  above  is  taught  wherein  a  tertiary  amine- 
borane  is~reacted,  under  anhydrous  conditions,  with  a 
trityl  salt  and  a  nucleophile  or  ligand.  In  application  Ser. 
No.  351,582,  now  U.S.  Patent  No.  3,296,274,  issued  Jan. 

3,  1967,  another  method  for  preparing  such  cations  is 
taught  wherein  a  borohydride  salt  is  reacted,  under  an¬ 
hydrous  conditions  with  at  least  two  equivalents  of  a  trityl 
salt  and  at  least  two  equivalents  of  a  nucleophile  or  ligand. 
In  application  Ser.  No.  351,584,  now  U.S.  Patent  No. 
3,341,582,  issued  Sept.  12,  1967,  yet  another  method  of 
preparing  such  cations  is  taught  wherein  boron-contain¬ 
ing  cations  containing  at  least  one  nitrole  ligand  are  re¬ 
acted  under  anhydrous  conditions  with  alcohols  or  mer- 
captans. 

The  boron-hydride  anions  useful  for  performing  the 
reaction  of  the  present  invention  may  be  prepared  from 
various  starting  materials  by  various  processes.  Illustra¬ 
tive  of  such  preparations  are  the  following: 

The  BsHh-  anion  can  be  prepared  by  reacting  to¬ 
gether  at  room  temperature  decaborane  with  an  aqueous 
solution  of  at  least  two  molar  equivalents  of  an  alkali- 
metal  hydroxide  to  form  an  intermediate  compound 
which  can  then  be  reacted  at  room  temperature,  while 
still  in  the  solution  wherein  it  was  formed,  with  a  mineral 
acid  in  an  amount  which  is  one  molar  equivalent  less 
than  the  molar  equivalents  of  base  employed  to  produce 
the  BSHU-  anion  as  taught  in  pending  application  Ser. 
No.  219,367,  filed  Aug.  22,  1962  by  Benjamin,  Stafieji 
and  Takacs  and  assigned  to  the  assignee  of  the  present 
application. 

The  B3Hb“  anion  can  be  prepared  by  reacting  together 
pentaborane-9  with  a  basic  material  (such  as  an  alkali- 
metal  hydroxide,  carbonate,  methoxide,  or  ethoxide)  in 
tbe  presence  of  liquid  water  or  alcohol  as  taught  in 
pending  application  Ser.  No.  343,173,  filed  Nov.  16, 
1962  by  Carvalho  and  Shust  and  assigned  to  the  assignee 
of  the  present  application. 

The  B1()Hio=  anion  can  be  prepared  by  the  method 
described  in  letters  by  Hawthorne  and  Pitochelli, 
J.A.C.S.,  81,  5519  (1959)  and  J.A.C.S.,  82,  3228  (1960). 

The  Bi2H12=  anion  can  be  prepared  by  the  method  de¬ 
scribed  in  a  letter  by  Pitochelli  and  Hawthorne, 
J.A.C.S.  82,  3228  (1960). 

The  BjoHm^  anion  can  be  prepared  by  the  method 
described  by  Muetterties  in  Inorg.  Chem.,  2,  647  (1963). 

The  BH4-  anion  is  a  commercially  available  product  in 
the  form  of  its  alkali-metal  salts. 

The  B10H,3-NjH4-  anion  can  be  prepared  by  reacting 
together,  in  an  aqueous  medium,  decaborane,  hydrazine, 
and  a  strong  base  (such  as  alkali-metal  hydroxide, 
hydrazine,  guanidine,  and  mono-,  di-,  and  tri-amino- 
guanidine)  as  taught  in  application  Ser.  No.  214,797, 
now  U.S.  Patent  No.  3,281,219,  issued  Oct.  25,  1966, 
filed  Aug.  1,  1962,  by  Takacs  and  assigned  to  the  as¬ 
signee  of  the  present  application. 

The  Bi0Hi3-NH3~  anion  can  be  prepared  by  reacting 
together  decaborane  and  a  large  excess  of  ammonium 
hydroxide  (about  12  to  about  15.2  moles  of  ammonium 
hydroxide  per  mole  of  decaborane)  at  reduced  tempera¬ 
ture  (about  —20°  C.  to  about  4-5°  C.)  as  taught  in 
abandoned  application  Ser.  No.  220,590,  filed  Aug.  22, 
1962  by  Carvalho  and  assigned  to  the  assignee  of  the 
present  application. 

The  Bi0Hi3C=N=  anion  can  be  prepared  by  the 
method  described  by  Knoth  and  Muetterties  in  J.  Inorg. 
and  Nucl.  Chem.,  20,  66  (1961). 

It  is  usually  preferred  to  perform  the  reaction  of  this 
invention  in  tt.e  presence  ot  at.  inert  icAvtnx  KfflfSJs  may 
be  water,  alcohol,  etc.  The  reaction  occurs  easily  and 
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rapidly  at  atmosphere  pressure  and  at  room  temperature 
or  below  merely  upon  mixing  the  various  ingredients  to¬ 
gether.  However  higher  or  lower  temperatures  and  pres¬ 
sures  may  be  used  when  desired.  For  example,  this  reac¬ 
tion  can  be  performed  at  pressures  of  from  about  100 
mm.  Hg  to  about  five  atmospheres  and  at  temperatures 
of  from  about  78°  C.  to  about  100°  C. 

The  two  reactants  may  be  used  in  stoichiometrical 
proportions  (i.e.,  one  equivalent  of  boron-containing 
cation  for  each  equivalent  of  boron-hydride  anion)  or  an 
excess  (0.1  to  100  mole  percent  or  more)  of  either  may 
be  used. 

Examples  of  products  of  the  present  invention  are: 

rCII,C=N'  HI*  r  (CIIi)jN  H"l+ 

\  /  \  / 

H  b,h,i-.  n  iniii.- 

.  (CIIi)lN/  \lj  CII1C=N/  X1I 

ociiT^h  . 
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rtCIW^  11-1*  |-(CHj)iN  1I-1++ 

\  /  \  / 

B  BhIIi,C=K-,  B 

_(CII,)iS/  XIlJ:  C=N/  XH 

C  IIj  (BHf)l 

C=N*  II 

V 

_(CII,)iN"/  XH. 

etc. 

The  compounds  of  this  invention  are  useful  as  high 
energy  solid  rocket  propellant  ingredients,  burning  rate 
modifiers  for  rocket  propellants,  and  as  boron-contain¬ 
ing  gasoline  additives. 

For  a  clearer  and  more  detailed  understanding  of  the 
nature  of  the  present  invention,  reference  may  be  had 
to  the  following  examples  which  are  intended  as  illus¬ 
trative  only  and  not  as  limitations  on  the  invention. 

Example  1. — Preparation  of 
-  (CiidiN  ■  in* 

li 

/  \  Bjiiir 
CIIjC=N  II 
I  I 

LciiiO  ii  J 

A  solution  of  186  mg.  (1  mmole)  of  (CHjhNBgH^ 
in  10  ml.  of  methanol  was  added  to  a  solution  of  232  mg. 
(1  mmole)  of  [CH3(CH30)C=NHBH2N(CH3)3]BF4 
in  10  ml.  of  methanol.  After  a  short  induction  period, 
white  dandritic  crystals  of  (CH3  J^NBF^  settled  from 
solution.  TlfC  solution  was  chilled  in  ice  for  30 
and  filtered  to  yield  120  mg.  (75%  yield)  of  material. 
Evaporation  of  the  filtrate  to  dryness  yielded  220  mg. 
*8675  yktu)  of  a  fight  yotto*  soKd,  M.P.  65  A°  G. 
Three  recrystallizations  from  inethanol-water  raised  the 
melting  point  to  97°  C. 

Analysis. — Calculated  for  CgH32N2BioO:  C,  28.09;  H, 
12.57;  N,  10.92;  B,  42.18.  Found:  C,  28.48;  H,  12.24;  N, 
11.10;  B,  46.78. 

Example  2. — Preparation  of 


“  (CIIj)jN  H-V 
XBX  B, 
_cniC=N/  Xh_ 


A  solution  of  400  mg.  (2  mmoles)  of 

[CH3C=NBH2N(CH3)3]BF4 

in  5  ml.  of  water  was  added  to  a  solution  of  820  mg. 
(2  mmoles)  of  KBgHu'dioxaricite  in  10  ml.  of  water. 
The  white  precipitate  formed  was  filtered  off  and  air 
dried  to  yield  360  mg.  (80.2%  yield)  of  product. 

We  daim: 

1.  A  compound  having  the  formula 


riZiI  H-|* 

y  m 

Jz/  Xh_L 


wherein  [Z,]  and  [Z2]  are  each  ligands  of  tertiary 
amines  in  which  the  nitrogen  atom  is  bonded  only  to 
carbon  atoms  and  not  more  than  one  nitrogen  atom  of 
another  amine  radical,  nitriles,  di-alkyl  sulfides,  or 
tertiary  phosphines  in  which  the  phosphorous  atom  is 
bonded  only  to  carbon  atoms;  wherein  M  is  a  boron- 
hydride  anion;  and  n  is  a  positive  integer  equal  to  the 
valence  of  said  boro-hydride  anion. 

2.  A  compound  as  defined  in  claim  1  wherein  M  is 
a  boron-hydride  anion  of  BqHi4-,  B3H8~,  B10H10=, 
Bi2H12=,  B|0Hi4=,  BH4-,  B,oH13  N2H4-,  B10H13-NH3- 
or  B,oH,3C=N=. 

3. 

[ciijO=N  nn* 

Xc/  B,IIu- 
/  \ 

(CIHHM  hJ 


r  (Cii')jN  n-)* 

33  \  /  „  „ 

B  B9TT14" 

CIIjCsN7  XII 

_  dcii3X  ii  . 

40  5.  A  process  for  preparing  organic  boron-hydride 

salts  of  boron-containing  cations  comprising  reacting,  at 
a  pressure  of  about  100  mm.  Hg  to  about  5  atr.ospheres 
and  a  temperature  of  from  about  —78°  C.  to  about 
100°  C.,  a  salt  of  a  boron-containing  cation  with  a  salt 
45  of  a  boron-hydride  anion. 

6.  A  process  for  preparing  boron-hydride  salts  of 
boron-containing  cations  comprising  reacting,  at  a  pres¬ 
sure  of  about  .100  mm.  Hg  to  about  5  atmospheres  and 
a  temperature  of  from  about  —78°  C.  to  about  100°  C., 
50  a  salt  of  a  boron-containing  cation  having  the  formula 


P'k  /T 

B 

.17./  XII_ 


wherein  [Z,]  and  [Z2]  are  each  ligands  of  tertiary  amines 
in  which  the  nitrogen  atom  is  bonded  only  to  carbon 
atoms  and  not  more  than  one  nitrogen  atom  of  another 
amine  radical,  nitriles,  di-alkyl  sulfides,  or  tertiary 
60  phocplanes  in  which  the  phcspl  jtus  atom  is  tended  oily 
to  carbon  atoms  with  a  salt  of  a  boron-hydride  anion. 
7.  A  process  as  defined  in  claim  6  wherein  said  boron- 

hyihiut  anioii  is  B9I114-,  BiHs- ,  BioHio-*,  > 

BloHi4=,  BH4-,  B10H,3-N2H4-,  B10Hi3-NH3- 

60 

or  Bj(H  13C = N— . 
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ABSTRACT  OK  THE  DISCLOSURE 

Double  salts  of  cobalt!  Ill)  and  chrorr.itim(III)  am- 
mines  and  dec ;  th) ittod e L.ibo rate  vf  dodecali^dfuduleca- 
borate  anions  with  a  second  anion  which  is  oxidizing 
.si*  uuM  W  i'Slrd'  t  r«piri'.rert. 


is  determined  by  the  number  of  cations  (r),  the  number 
of  anions  A  within  the  coordination  sphere  of  each  ca¬ 
tion  (p).  and  the  valence  of  the  anion  A  (a),  the  re¬ 
lationship  being 

5  *  -  s(3-pa)— 2 

a 

In  tbc  formula  it  is  understood  that  the  magnitude  of 
the  positive  charge  on  each  cation  is  (3 -pa),  the  mag- 
...  nitude  of  the  negative  charge  on  the  BQHq  anion  is  2,  and 
the  magnitude  of  the  negative  charge  on  the  anion  A  is  u. 

The  utility  of  the  products  of  the  invention  is  illus¬ 
trated  by  the  drawing  which  denicnstrates  the  use  of  tl.e 
products  in  blasting  caps.  The  drawing  will  be  more  fully 
l3  esj-i  -r^j  in  (be  poflwn  of  Ute  s,pscjfeation  relating  to 
utility. 


DESCRIPTION  OK  HIE  INVENTION 

This  invention  relates  to  a  new  class  of  polyhydropoly- 
borates  and  to  processes  for  their  preparation. 

More  particularly,  the  invention  concerns  salts  com¬ 
prising  a  cobalt  cr  chromium  aminine  cation  and  anions 
of  dccahydrodccahorate  or  dodecahydrodecaborate  and 
an  inorganic  oxidizing  anion  with  a  reduction  potential  . 
of  at  least  0.5  volt. 

1’olv  hydropolvboratcs  are  of  increasing  importance  m 
tb.e  field  of  explosives,  but  there  arc  r.o  known  polyhy- 
dropolyboratcs  which  can  function  in  electric  blasting 
caps  simultaneously  as  a  base  charge,  primer  charge 
and/or  icnition  charge.  Indeed,  few  compounds  exhibit 
this  combination  of  functions,  for  example,  mercury  ,ut- 
rr.itv.de.  There  have  now  been  discovered  a  novel  class 
of  polvhydrcpolyborate  salts  having  the  desired  combi¬ 
nation  of  properties.  .  . 

Die  products  of  this  invention  tire  salts  containing: 

(a)  One  of  two  ammine  cations  (cationic  ammincs)  of 
hexaeoordinated,  trivalenl  cobalt  or  chromium,  with  at 
least  five  of  the  six  coordination  positions  of  the  cobalt 
or  chromium  being  occupied  by  ammonia  or  amines 
horded  to  the  central  metal  atom  through  nitrogen,  the 
remaining  coordination  position,  if  any,  being  occupied 
by  water  or  an  anion  of  the  type  dcltncd  in  (c)  below; 

(b)  One  decahydtoc  icaborate  or  dodecahydrcdodeca- 

boratc  anion;  and  ... 

(c)  At  least  one  ir.orgaic  oxidizing  anion  having  a  re¬ 
duction  potential  of  0.5  v.  or  greater.  This  anion,  or  one 
of  these  anions,  can  be  coordinated  to  the  cobalt  or  chro¬ 
mium  as  stated  above. 

The  invention  also  includes  hydrates  of  these  salts. 

The  highest  possible  total  positive  charge  (i.e.,  the  sum 
of  the  positive  charges  on  the  cation  or  cations),  of  any 
one  of  the  compounds  defined  above  is  six,  this  value 
being  realized  when  there  are  two  trivalent  cations  as 
described  in  (a)  above.  Since  there  is  present  in  each 
compound  one  BioHjo=  or  B|2Hij=  anion.,  with  a  negative 
charge  of  two,  and  since  the  total  positive  and  negative 
charges  must  be  equal,  it  will  be  seen  that  the  greatest 
possible  number  of  anions  described  in  (c)  above  is  four, 
and  this  only  when  each  of  the  four  carries  a  single 
negative  charge. 

The  compounds  of  the  invention  can  be  represented  by 
the  formula 

[ML4_n_p(H;0)o(A)pl,(BqH,,)  (A), 

where  M  is  cobalt  (III)  or  chromium  (III),  i.e.,  trivalent 
cobalt  or  chromium;  L  is  a  nitrogen-containing  ligand 
bonded  coordinated  through  nitrogen  to  M  and  defined 
in  more  detail  below;  A  is  an  inorganic  anion  as  defined 
in  paragraph  (c)  above;  n  and  p  are  0  or  1  with  the  sum 
of  n  and  p  at  most  I;  s  is  1  or  2;  q  is  10  or  12;  and  r  is  a 
cardinal  wnote  numoer  of  fl-4,  inclusive.  The  value  of  t 


COMPONENTS  OF  THE  PRODUCTS 
•  A.  The  ammine  cation 

20  One  component  of  each  of  the  product*  of  this  inven¬ 
tion  is  a  cobalt(lll)  or  chromium (III)  ammine  cation 
of  the  type  defined  above.  Coba’t(lll)  and  chromium 
(III)  ammine  cations  are  a  much-’studicd  and  well- 
recognized  group,  as  are  the  nitrogen  compounds  that  can 
function  as  ligands  coordinated  to  the  central  me.lal 
atoms  therein.  Sec,  for  example,  Mcllor’s  "Comprehensive 
Treatise  on  Inorganic  and  Theoretical  Chemistry,”  vol. 
XI,  page  400,  and  vol.  XIV,  page  690  (Longmans,  1935), 
„„  and  Sidgwick’s  "Chemical  Elements  and  Their  Com- 
“°  pounds,"  pages  1014,  1016,  and  1399-1400  (Oxford, 
1950).  Nitrogen  compounds  that  can  function  as  ligands 
include  ammonia;  mor.opriraary  amines  (e.g.,  eth.ylamine, 
allylamine,  benzylainir.e,  and  aniline);  heterocyclic  mono- 
amines  (e.g.,  pyridine);  saturated  acyclic  1,2-  and  1,3- 
"5°  diprirnary  amines  of  2—5  carbons  (e.g.,  cthylencdiamine, 

1 ,2-propaned iarninc,  1.3-propanediaminc,  2,3-butanedi- 
amine,  and  2,4-pentanediamine);  saturated  alicyciic  1,2- 
diprimary  amines  (e.g.,  1/2-cyclopcntanediamine  and  1,2- 
40  cyclohexancdiaminc);  aromatic  1,2-diprimary  amines 
(e.g.,  o-phcnylenediamir.e);  heterocyclic  1,2-dilertiary 
amines  (e.g.,  2,2'-btpyridyI  and  o-phcnanthroline) ,  and 
saturated,  aliphatic,  straight-chain  polyamines  (e.g.,  1,2,3- 
propanetriamine  and  triethylcnetelramine).  More  than 
one  of  the  above  species  of  ligands  can  be  present  in  a 
4;*  single  cobnlUlII)  or  chromium(III)  ammine  cation, 
i.e.,  cations  such  as  bis(ethylenediamine)  (1,2-propaned.i- 
amine)chromium(III),  (Cren;pn)+++,  and  amminebis 
(ethylenediamine)pyridinecobalt(lll), 

50  (CoNHjen2py)++* 

are  known.  When  one  of  the  above  diamines  is  present 
as  a  ligand,  both  amino  groups  can  be  bonded  to  the  cen¬ 
tral  metal  atom  in  a  chelate  structure.  Cobalt(III)  and 
r-  chrcmium(III)  ammines  in  which  one  coordination  posi- 
*>a  tion  is  occupied  by  water  or  by  an  anion  of  the  type 
defined  under  (c)  above  are  well  known.  Examples  are 
[Co(NH2)sH20)+++  and  [Cr(NHs)6N03]++. 

Thus,  L  in  the  formula  definition  can  be  the  same,  or 
different  and  represents  ammonia,  a  monoprimary  amine, 
or  a  heterocyclic  monoamine;  furthermore,  any  two  L.s 
can  together  represent  a  saturated  acyclic  1,2-  or  1, 3-di¬ 
primary  amine  of  2-5  carbon  atoms,  a  saturated  alicyciic 
1,2-diprimary  amine,  an  aromatic.  1,2-diprimary  amine, 
r.  or  a  heterocyclic  1,2-ditertiary  amine;  also  any  three  Ls 
Ca  can  together  represent  a  saturated,  aliphatic,  straight- 
chain  triamine,  and  any  four  L’s  taken  together  can  repre¬ 
sent  a  saturated,  aliphatic,  straight-chain  tetramine. 

For  reasons  of  availability  of  starting  materials  and 
„  stability,  cations  in  which  the  coordinated  nitrogen-con* 
l0  taining  ligands  are  ammonia,  saturated  acyclic  1,2-aipri- 
Hiarj  ai.Ars!  U  S-4  earbeas*  ■lyleMd'inaliie,  21'- 


bipyridyl,  or  o-phcnar.thtoHne  arc  preferred.  The  di- 
aioir.es  cf  this  preferred  gtoup.  which  by  definition  have 
i.itif  a.Yiino  H.uu^cns  bunded  tii  ..djOiUiTig  unUus,  £iv© 
especially  stable  ammiite  cations,  by  virtue  of  the  fact  that 
they  can  form  chelates  containing  fivc-membered  rings  5 
with  tiie  central  metal  atom,  for  example,  as  in  the  tris 
(ethy!encdianiine)cobalt(IlI)  cation: 


Stabilisation  of  c'tromium (111)  and  coball(III)  ammine 
cations  by  chelation  is  described  on  paces  1016  and  1400  20 


and  a  pressure  of  at  least  three  atmospheres.  The  product 
can  be  recrystallizcd  from  ethers  such  as  ethyl  ether  or 

t.4t  uliydiuf  ut  f.ti  u.  l.iututcs  m.d  .my  organic 

solvate  of  crystallization  can  be  removed  by  mixing  the 
product  with  water  and  distilling  out  the  organic  solvate. 
The  product  is  isolated  by  evaporation,  and  the  salt  is 
obtained  as  a  monohydrate,  e.g.,  Ma23!;Hn-H;0,  which 
can  absorb  water  from  the  atmosphere  to  form  the  di¬ 
hydrate  Ntt;B12H1J,2H20.  Alternatively,  the  dihydrate 
can  bo  obtained  by  stopping  the  evaporation  at  an  earlier 
stage. 

The  free  acid  can  be  prepared  by  bringing 

an  aqueous  solution  of  the  alkali  metal  salt  into  contact 
with  an  acidic  cation-exchange  resin.  The  process  leads 
to  an  aqueous  solution  of  the  free  acid,  which  can  be 
nen«rab><>r|  with  ibtiruHfum  ’’vh.  'kl-  u  »iv.  a  <fctal.ii  n 
of  the  ammonium  sail,  (NH^B^Hn.  Tile  latter  can  be 
isolated  by  evaporation.  All  these  processes  are  described 
in  detail  ,n  U.S.  3,169,1145,  ,ssut.A  t n  the  name  of  tt.  C. 
Miller  and  E.  L.  Muetterties. 


of  bid  twick.  1  be  I'.tticral  subject  of  chelation,  and  more  c.  The  oxidizing  anion 

partial!. irly  the  formation  of  stable  compounds  involving 

metal  atoms  or  ions  ard  1,2-di.imines,  is  familiar  to  those  A  thlld  component  of  each  of  the  products  of  this  in- 

skilled  in  the  art  and  is  discussed  at  length  in  many  refer-  vcnlion  is  an  inorganic  anion  having  a  reduction  poten- 

cr.rcs  for  example.  P.irrv  in  "Chemistry  of  the  Coordina-  26-dial  of  at  icast  0.5  v.,  defined  as  A  in  the  formula.  Reduc¬ 
tion  Compounds"  (cd.  Hailnr),  paces  221,  227  ff.  (Rein-  li°n  potential  is  defined  in  terms  of  oxidation  potential 

hold,  1956),  and  Moeller,  "Inorganic  Chemistry,”  page  ™  Giasstone,  “Textbook  of  Physical  Chemistry,”  pages 

217  ff  (Wiley,  1952).  939-940  (Van  Nostrand,  1946).  From  this  and  the  dis- 

*'  B- cause  of  care  of ’preparation,  cations  in  which  all  cussion  of  oxidation  potential  in  Moeller,  pages  234-290, 

the  coordinated  nitroeen-coutaining  ligands  are  the  same  30  “  clear  that  reduction  potential  measures  the  relative 
are  preferred.  Ammonia,  clhylencdir.mmc,  and  1,2-pro-  ««  with  which  an  oxidant  in  an  electrode  reaction  is 

pancdianiinc  are  especially  preferred  us  ligands  for  eco-  reduced,  i.e.,  its  oxidizing  power.  Single  electrode  poten* 

nomic  tcasonx.  ammonia  being  the  mor.t  preferred.  ‘ids  for  various  reduction  reactions  are  given  in  Lange’s 

“Handbook  of  Chemistry,'’  8th  edition,  beginning  on 
B.  Hie  polyhydropolyfcorute  anion  3r>  pa2e  1244  (Handbook  Publishers,  Inc.,  1952).  From  the 


A  second  component  of  each  of  the  products  of  this 
invention  is  of  polylijdropulyborate  anion,  specifically, 
a  U,,Hla  or  a  Hl:lljj-  anion.  I  hese  anions  are  two  rela¬ 
tively  r.cw  types  of  polyliydropolyborates  and  procedures 
for  preparing  typical  compcumis  containing  them,  which 
are  used  as  reactants  in  the  process  of  the  present  inven¬ 
tion,  are  given  below. 

Ammonium  dccahydrodccnboiate  [(NH^JjBjoHjj],  one 
source  of  the  H>oH;o~  ion,  can  be  prepared  in  quantita¬ 
tive  yield  by  the  reaction  of  a  decabcryl  bis(lower  dialkyl 
sulfide),  e.g.,  decabcryl  blsfdimcthyl  sulfide), 

BteifiaKCHjisSJa 


discussion  in  Giasstone  and  Moeller,  it  is  clear  that  the 
values  in  the  column  headed  ’'E°r(,a”  in  the  table  in  Lange 
are  reduction  potentials. 

For  reasons  of  availability,  preferred  anions  are  those 
'*  derived  from  oxy-acids  of  elements  of  Groups  V-A, 
VI-B,  VII-A  and  VII-B  of  the  Periodic  Table,  contained 
in  Deming's  "General  Chemistry,”  5th  cd.,  p.  156,  John 
Wiley,  1944.  The  preferred  oxy-2cid  anions  include 
nitrate,  chromate,  Bichromate,  permanganate,  hypochlo- 
5  rite,  chlorite,  chlorate,  bromate,  iodate,  perchlorate,  and 
periodate  anions.  Nitrate,  chromate,  and  perchlorate 
anions  are  especially  preferred,  nitrate  being  the  most 
preferred  for  economic  reasons. 


with  liquid  ammonia  at  a  temperature  between  about 

—  50*  C.  and  0*  C.  The  product  is  isolated  simply  by  50  Preparation  of  the  products 


evaporating  any  excess  unrcacted  ammonia.  This  process  The  products  of  this  invention  can  be  made  by  one 
is  described  in  detail  in  U.S.  3,148,938,  issued  in  the  or  either  of  two  processes: 

name  of  W.  H.  Knoth,  Jr.  The  decaboryl  bisdower  dialkyl  Process  I. — A  cobalt(lH)  or  chromium(III)  ammine 


sulfide)  is  prepared  by  allowing  decaboranc,  Bi0Hh,  to 
react  with  a  lower  dialkyl  sulfide  at  a  temperature  of  at  5 
Icast  0*  C.,  and  preferably  at  least  25°  C.,  until  approx¬ 
imately  one  mole  of  hydrogen  per  mole  of  decaborane  is  , 
evolved.  This  process  is  described  in  detail  in  U.S. 
3,154,561,  issued  in  the  name  of  E.  L.  Muetterties. 

Alkali-metal  stilts  of  H-BjoHm,  another  source  of  the  0 
UioiiIB=  anion,  can  oc  prepared  by  converting 


salt  containing  as  its  only  anion  or  anions  one  or  more 
anions  of  reduction  potential  of  at  least  0.5  v.,  in  which 
the  cation  and  anion  are  both  as  described  in  detail  above, 
is  reacted  with  a  soluble  salt  containing  as  its  only  anion 
the  B!0Hio=  or  Bj2Hi2=  anion,  e.g.,  an  ammonium  or 
alkali  metal  salt,  in  neutral  or  acidic  aqueous  solution. 
The  structure  of  the  cobalt(lll)  or  chromium(III)  am¬ 
mine  sa,t  is  formulated  as 


(NH4)jB10H10 

into  ILBjt|H,o  through  acidic  eatiun-exchange,  and  neu¬ 
tralizing  the  aqueous  solution  of  the  acid  with  the  appro¬ 
priate  metal  hydroxide.  The  metal  salts  can  then  be 
recovered  by  evaporating  the  water.  These  processes  are 
described  in  detail  in  U.S.  3,148,939,  issued  in  the  name 
of  W.  H.  Knoth,  Jr. 

Any  alkali-metal  salt  of  a  source  of  the 

BijHu3  anion,  can  be  prepared  by  die  reaction  of  the 
appropriate  aikali-mctal  hydroborate,  e.g.,  Na3H4,  with 
diborane  in  the  presence  of  an  ether  such  as  ethyl  ether 
or  1,2-dimethoxycthane.  The  process  should  be  carried 
Out  .r,  a  .iu.,4  - )  aTu  i  1 1  at  ii  Tuiapetutuiu  of  ai  lia-’I  too  C. 


[ML6_n_P(H20)n(A)p).(A),_p. 

03  and  the  polyhydropolyborate  salts  as  M'-BqH,  wherein 
M'  is  ammonium  or  alkali  metal  and  the  remaining  terms 
are  defined  as  above.  For  economic  reasons,  sodium, 
potassium,  and  ammonium  salts  are  preferred.  The 
cobalt(HI)  or  chromium(III)  salt  can  contain  more 
70  than  one  type  of  anion  of  reduction  potential  of  at  least 
0.5  v.,  e.g.,  both  chromate  and  nitrate  anions,  and  hy¬ 
drates  of  any  of  the  reactants  can  be  used. 

Process  II. — A  cobalt(III)  or  chromium(IH)  ammine 
salt  containing  as  its  only  anion  one  or  more  B10Hto= 
7a  v.T  B  12^12  (iiiUTiS  i  lMte-„-PlHaU)uAp)lABqHq>, 


wherein  u  and  v  are  the  smallest  whole  numbers  that 
satisfy  the  equation 

u(3 -pa) 

V=~^~ 

and  the  other  terms  are  defined  as  previously)  is  reacted 
with  a  soluble  salt  containing  as  its  only  anion  an  ion 
of  reduction  potential  of  at  least  0.5  v.,  e.g.,  an  am¬ 
monium  or  alkali-metal  salt,  (M'tA)  in  neutral  or  acidic 
aqueous  solution.  Again,  hydrates  of  any  of  the  reactants 
can  be  used.  10 

Process  I  is  preferred,  because  it  does  not  require  the 
preparation  of  a  complex  cobalt  or  chromium  polyhydro- 
polyboratc  as  an  intermediate,  When  the  anion  defined 
under  (c)  above  is  monovalent,  Process  I  generally  leads  j- 
to  a  product  containing  two  cobalt  or  chromium  ammine 
cations  when  the  nitrogen-containing  ligand  coordinated 
to  the  cobalt  or  chromium  is  ammonia,  and  to  a  product 
containing  one  cobalt  or  chromium  ammine  cation  when 
the  nitrogen-containing  ligand  is  a  larger  molecule  such  oq 
as  a  1,2-diamine.  Process  II  generally  leads  to  a  product 
containing  one  cobalt  or  chromium  amniine  cation. 

In  neither  process  is  the  mole  ratio  of  reactants, 
weight  ratio  of  solvent  to  reactants,  temperature,  pressure, 
or  reaction  time  critical.  Usually  the  approximate  mole  03 
ratio  of  reactants  dictated  by  the  stoichiometry  of  the 
reaction  is  used.  Enough  water  to  dissolve  both  reactants 
is  ordinarily  used.  Since  the  solubility  of  the  reactants 
varies  considerably,  solvcnt/rcactant  ratio  may  be  as  low 
as  1/1  or  as  high  as  ICO/ 1  or  even  higher.  Ordinarily,  oq 
it  is  between  2/1  and  10/1.  Alternatively,  a  partial  solu¬ 
tion  of  a  reactant  of  relatively  low  solubility  can  be  used. 

The  temperature  is  governed  principally  by  the  solubili¬ 
ties  of  the  reactants  and  the  stability  of  the  product  in 
the  presence  of  water.  For  reactants  with  high  solubilities  33 
and  products  stable  to  hot  water,  the  temperature  is 
limited  only  by  the  freezing  point  and  the  boiling  point 
of  water,  with  the  preferred  range  being  20-90“  C.  For 
convenience,  room  temperature  (20-30”  C.)  is  ordinarily 
used.  The  solubilities  of  many  reactants  that  are  not  40 
highly  soluble  at  roam  temperature,  and  the  solubilities 
of  many  of  the  products,  are  increased  advantageously 
by  raising  the  temperature  to  60-90“  C.  For  products 
that  react  with  hot  water,  c.g.,  compounds  containing  the 
Cr(NH3)0++  +  cation  (Sidgwick,  page  1017),  relatively  45 
low  temperatures  are  used  if  products  containing  all  the 
original  nitrogen-containing  ligands,  e.g.,  the  six  NH3 
groups  of  Cr(NH3)o+++,  in  the  cation  arc  desired. 

The  products  usually  precipitate  immediately  when  the 
reactants  are  mixed,  or  as  soon  as  the  reaction  mixture 
is  cooled  to  room  temperature.  In  a  few  cases,  the  prod¬ 
ucts  may  require  several  hours  to  crystallize  from  solu¬ 
tion.  The  products  can  be  separated  by  filtration  or  cen¬ 
trifugation  and  purified  by  recrystallization  from  water. 
Products  that  are  obtained  as  hydrates  can  be  partially  55 
or  completely  dehydrated  by  wellknown  methods,  e.g., 
heating  under  reduced  pressure  in  the  presence  of  a  dry¬ 
ing  agent. 

Properties  of  the  products 

The  products  are  colored  crystalline  solids  that  ex¬ 
plode  on  being  struck  or  on  being  heated  strongly.  They 
are  all  at  least  slightly  soluble  in  water  and  largely  in¬ 
soluble  in  organic  solvents. 

The  following  examples  illustrate  the  products  and 
processes  of  this  invention. 

EXAMPLE  I 


resin.  [CofNHsJjljfBjjHuIs-fiHjO  was  prepared  by 
neutralizing  an  aqueous  solution  of  the 

tCc.(NH,),](OH), 

wiih  0.2-molar  HsBjjHu,  and  concentrating  the  solution 
under  reduced  pressure  at  25“  C.,  whereupon  the  product 
Crystallized.  It  WHS  recrystallfosH  frnm  wa’cx  at  60-65*  O 
Analysis.— Calcd.  for  rCo(NH2)0l;(Bi3H12)3-6H2O: 
B,  45.S0;-Co,  13.77;  H,  9.89;  N,  19.63.  Found:  B,  44,58; 
Co,  14.10,  14.14;  Tl.  9.62;  N,  20.14,  20.14. 

A  solution  of  1.7  g.  of  [Co(NH3)6]2(B,2H,2)3-6H20 
in  5  ml,  of  water  was  mixed  with  a  solution  of  0.34  g. 
of  NaN03  in  1  ml.  of  water  at  room  temperature.  A  solid 
precipitated  immediately.  It  was  dissolved  by  adding  7  ml. 
of  water  and  heating  the  mixture  to  about  80“  C.  On 
cooling,  orange  crystals  of  hexamminecobalt(IIl)  dode- 
cahydrododecaburate  nitrate  dihydrate, 

[Co(NH3)6]  (BijHu)  (NO3)  -2H20 

appeared,  and  were  separated  by  filtration,  washed  with 
cold  water,  and  dried.  The  yield  was  approximately  one 
gram.  The  infrared  absorption  spectrum  of  the  product 
(mineral-oil  mull)  had  bands  at  4.0,*  (B-H);  9.4,* 
<B,-H,j=);  3.0,1,  6.2,*,  and  7.5,*  (NH3);  and  7.3-7.S,* 
and  12.1(1*  (N03-).  Recrystallization  from  6.7  g.  of  water 
did  not  change  the  infrared  absorption  spectrum;  the  ni¬ 
trogen  content  of  the  product  was  also  essentially  un¬ 
changed,  being  24.34%  before  rccrystallization  and 
24.27%  after  (calculated,  2,4.46%). 

A  second  sample  of  the  product  prepared  essentially 
as  described  above  was  analyzed  more  completely: 
Analysis. — Calcd.  for 

[Co(NH3)6l(BuHI3)(N03)-2H20 

B.  32.37;  Co,  14.69;  N,  24.45.  Found:  B,  32.32;  Co, 
14.96;  N,  24.58,  24.74. 

The  product  exploded  when  struck  sharply  or  when 
heated  to  several  hundred  degrees  centigrade. 

EXAMPLE  II 

Di[hcxamminecobalt(III)  J  dodecahydrododecaborate 
tetranitrate  tetrahydrate 

[Co(NH3)0)(NO3)3  was  prepared  by  the  method  of 
“Inorganic  Syntheses,”  vol.  II,  p.  218  (McGraw-Hill, 
1946). 

A  solution  of  8.96  g.  of  Nn3B,2H,2-2H20  in  10  ml. 
of  water  was  added  to  a  partial  solution  of  13.89  g.  of 
rCo(NH3)6](N03)3  in  100  ml.  of  water  with  stirring  at 
70"  C.  Addition  of  35  ml.  of  water  and  heating  to  90“  C. 
gave  a  complete  solution.  The  solution  was  cooled,  and 
the  orange  crystals  that  formed  were  worked  up  by  the 
method  of  Example  I.  The  yield  was  12.65  g.  Two  re¬ 
crystallizations  from  water  at  70“  C.  gave  6.83  g.  of 
deep-orange,  semitransparent  needles  of  difhexammine- 
cobalt(IJI) ]  dodecahydrododecaborate  tetranitrate  tetra¬ 
hydrate,  [Co(NH3)<,]2(BlsH12)(N03)4-4H20. 

Analysis. — Calcd.  for 

[Co(NH3)6l2(B12HI2)  (N03)«-4H20 

B.  16.56;  Co,  15.03;  N,  28.58.  Found:  B,  17.17;  Co, 
14.36,  14.45,  14.51;  N,  29.30, 29.03. 

The  infrared  absorption  spectrum  of  the  product  had 
bands  corresponding  to  NH?,  HjO,  NOj-  and  B,2H12=*. 

'*  The  product  exploded  when  struck  by  a  hammer  on  a 
hard  surface  and  flashed  when  dropped  on  a  heated  sur¬ 
face. 


Hexamminecobalt(III)  dodecahydrododecaborate 
nitrate  dihydrate 


EXAMPLE  III 


70 


Di[hexamminecobalt(IlI)]  dodecahydrododecaborate 
An  aqueous  solution  of  [Co(NH3)6l(OH)3  was  pre-  tetranitrate  dihydrate 

pared  by  passing  0.13  molar  [Co(NH3)01C13  (“Inorganic  [Co(NH3)6]3(BI2HI2)(NOJV4H20  prepared  in  Ex- 
Syntheses,  vol.  II,  p.  217  (McGraw-Hill,  1946))  through  ample  II  was  heated  for  24  hours  at  100*  C  and  001- 
the  hydroxide  form  of  a  strongly  basic  anion-exchange  7-1  0.02  mm.  pressure  over  phosphorus  pentoxide.  An  essen- 


3.411.890 


7 

tia!!y  quantitative  yield  of  di[hexamminecoba!t(HI)] 
dodecahydrododecaborate  tetranitrate  dihydrate, 

[Co(NK3)8]2(B12H12)(N03)4-2H20 

was  realized  (calculated  weight  loss,  4.59%;  found, 
4.35%).  This  product  was  qualitatively  more  sensitive  to 
shock  (exploded  more  readily  when  struck  by  a  hammer) 
than  the  tetrahydrate. 

EXAMPLE  IV 

Di[pentammineaquochromium(lII) )  dodccabydro- 
dodecaborate  tetranitrate 

[Cr(NH3)$](N03)3  was  prepared  by  the  method  of 
“Inorganic  Syntheses,"  vol.  Ill,  p.  153  (McGraw-Hill, 
1950). 

A  mixture  of  8.0  g.  of  [Cr(NH3)o](N02)3,  6.71  g.  of 
Na2Bt2H12-2H30,  and  55  ml.  of  water  was  heated  with 
agitation  to  70''  C.,  four  drops  of  concentrated  nitric  acid 
being  added  during  the  process.  At  70’  C.  a  complete 
solution  resulted.  The  crystals  that  formed  oh  cooling 
were  worked  up  by  the  method  of  Example  I  to  give 
5.78  g.  of  di[penlam:nineaquochromium(lIl)]  dodccahv- 
drododecaboratc  tetranitrate, 

[Cr(NH3)5(H20)]2(Bl2H12)(NO3)4 

Recrystallization  from  45  ml.  of  water  at  60’  C.  gave 
4.21  g.  of  the  product  in  the  form  of  orange-yellow  crys¬ 
tals  that  exploded  when  struck  sharply  or  when  dropped 
onto  a  hot  surface. 

Analysis. — Calcd.  for 

[Cr(NH3)s(H20)]2(B12H12)(N03)4 

B,  18.54;  Cr,  14.35;  N,  28.09.  Found:  3,  17.96;  Cr,  15.03, 
15.38;  N,  28.15,  28.34. 

The  corresponding  [Cr(NH3)6]+++  compound,  di[hcx- 
ammir.cchromium(lll))  dodecahydrododecaborate  tetra¬ 
nitrate,  can  be  prepared  by  carrying  out  the  reaction  ct 
room  temperature  in  more  dilute  solution.  Alternatively, 
the  product  of  the  foregoing  example  can  be  made  directly 
from  [Cr(NH3)5(H20)](N03)3  as  the  chromium-con¬ 
taining  reactant. 

EXAMPLE  V 

Di[hexamminecobaIt(ITI)]  dccahydrodecaborate 
tetranitrate 


8 

crystals  of  dilnitratopcntamminechromium(III)]  decahy- 
drodecaborate  dinitrate 

[Cr(NH3)5N03]2(B|0Hio)(N03)2 
.  separated  and  were  worked  up  by  the  method  of  Example 
1.  The  yield  was  10.2  g.  Recrystallization  from  135  ml. 
of  water  at  60°  C.  gave  7.36  g.  of  product 

Analysis. — Calcd?  for 

[Cr(NH3)6NO3]2(B10H10)  (N03), 

10  B,  16.89;  Cr,  16.24;  N.  30.61.  Found:  B,  17.40;  Cr, 
15.40,  15.20;  N,  29.79,  29.48. 

Hexacoordination  of  the  chromium  atoms  in  this  prod¬ 
uct  also  may  be  attained  by  bridging  of  the  chromium 
13  atoms  through  the  B10Hi0=  anion,  in  which  case  the 
product  would  be  formulated  as 

UNn3)sCr-B10H10-Cr(NH3)5KNO3)4 
It  is  also  possible  that  the  chromium  atoms  arc  penta- 
o0  coordinated,  in  which  case  the  product  would  be  formu¬ 
lated  as  LCr(NH3)5(B10HI0(NO3)4. 

The  product  exploded  when  struck  sharply  with  a  ham¬ 
mer  on  a  hard  surface  or  when  dropped  cn  a  heated 
surface,  and  was  sensitive  to  light. 

23  EXAMPLE  VII 

Tris(cthy!enediamisie)cobalt( HI )  decahydrodeca- 
borate  nitrate  dihydrate 

(Cocn3)(N’03)3,  a  known  compound,  was  prepared  by 
80  air  oxidation  of  an  ncqtieous  solution  of  cobalt(II)  nitrate, 
ethylenediamine,  and  ethylenediamine  nitrate.  This  is  a 
well-known  method  for  preparing  complex  cobult(HI) 
salts  from  cobalt(ll)  salts.  See  for  example.  “Inorganic 
Syntheses,"  vol.  II,  page  221  (McGraw-Hill,  1946). 

8.5  A  solution  of  1.54  g.  of  (NH4)jB,0HI()  in  3  ml.  of 
water  was  added  to  a  solution  of  4.25  g.  of 

(Cccn3)(N03)3 

in  6  ml.  of  water  at  80’  C.  On  coding,  tris(ethy!enedi- 
49  nniine)cobalt(I’I)  dccahydrodecaborate  nitrate  dihy- 
dratc,  (Coen3)  (BujH.q)  (N03) -2HjO,  separated  in  yel¬ 
low  needles.  The  yield  was  3.16  g.  The  product  was 
recrystallizcd  from  15  ml.  of  water  at  80’  C.  for  char¬ 
acterization. 

43  Analysis. — Calcd.  for 


A  solution  of  6.17  g.  of  (NH4)2BlaH1()  in  10  ml.  of 
water  was  made  acid  with  dilute  nitric  acid  and  added 
to  a  solution  of  13.89  g.  of  [Co(NH3)e](N03)3  in  155 
ml.  of  water  at  67°  C.  Warming  the  mixture  to  75*  C. 
gave  a  complete  solution.  On  cooling,  deep-orange,  trans¬ 
parent  crystals  of  dilhcxamminecobalt(Ill)]  decahydro- 
decaborate  tetranitrate,  ICo(NH3)6]3(B!0Hi0)(NO3)4> 
precipitated  and  were  worked  up  by  the  method  of  Ex¬ 
ample  I.  The  yield  was  11.55  g.  Recrystallization  from 
130  ml.  of  water  at  70°  C.  gave  8.03  g.  of  product,  which 
was  recrystallizcd  once  more  from  water  for  analysis. 

Analysis. — Calcd.  for  [Co(NH3)6]2(BjoH10)(N03)4: 
B,  14.95;  Co,  17.11;  N,  32.74.  Found;  B,  14.73;  Co, 
16.96,  16.75;  N,  31.65,  31.37. 

The  infrared  absorption  spectrum  of  the  product  (min¬ 
eral-oil  mull)  remained  essentially  unchanged  by  the  re- 
crystallizations.  The  product  exploded  when  struck  by 
a  hammer  on  a  hard  surface  and  flashed  when  dropped 
on  a  hot  surface. 

EXAMPLE  VI 

Di[nitratopentamminechromium(IlI)]  decahydro- 
decaborate  dinitrate 

A  solution  of  6.17  g.  of  (NH4)2Bj0H10  in  10  ml.  of 
water  was  acidified  with  0.5  ml.  of  1.6  N  nitric  acid 
and  added  to  a  solution  of  13.61  g.  of  tCr(NHj)4l 
(N03)j  in  140  ml.  of  water  at  57’  C.  Adding  10  ml. 
of  walk.*  .itid  to  65'  C.  giiv<>  a  <.ou.pTi.lC  so¬ 

lution.  On  cooling,  transparent,  orange-yellow,  plate-like 
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[  Co(NHjCH3CH2NH2)31  (B1cHj0)  (N03) -2HaO 

B,  23.75;  Co,  12.94;  N,  21.52.  Found:  B,  25.07;  Co,  12.25. 
12.01,  12.48,  12.10;  N,  22.64,  22.88,  23.17. 

The  product  exploded  on  contact  with  concentrated  nitric 
acid.  A  piece  of  filter  paper  impregnated  with  the  product 
from  aqueous  solution  and  dried  flashed  violently  when 
touched  with  a  free  flame. 

EXAMPLE  VIII 

Tris(cthyIcnediamme)cobalt(III)  dccahydrodcca- 
borate  nitrate  monohydrate 

(Coen3)(B]oH1())(N03)-2H20  was  prepared  as  de¬ 
scribed  in  Example  VII  and  dehydrated  for  16  hours 
over  phosphorus  pentoxide  at  25*  C.  and  less  than  0.01 
mm.  pressure.  This  treatment  resulted  in  a  3.8%  loss  in 
weight,  corresponding  to  removal  of  one  mole  of  water, 
to  give  tris(ethyIcncdiamine)cobalt(IIl)  decabydrodeca- 
borate  nitrate  monohydrate. 

(Cocn3)(B10H10)(NO,)-HJO 
Analysis. — Calcd.  for 

[Co(NH2CH2CH3NH2)3]  (B10H10)  (N03)  H-O 

C,  16.47;  If,  8,29;  B,  24.73;  Co,  13.47;  N,  22.41.  Found: 
C,  16.67,  16.19,  16.50;  H,  8.85,  8.64,  8.10;  B  24  97 
24.79;  Co.  13.61,  13.38;  N,  23.41,  23.67. 

Subsciucni  ueumicnt  uf  the  product  at  100’  C.  and  less 
than  0.0 1  mm.  pressure  ever  phosphorus  pentoxide  for 
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23  hours  t! id  not  remove  any  significant  additional  amount 
of  water.  The  infrared  absorption  spectrum  of  the  prod- 
itel  was  essentially  the  ‘time  as  that  cf  the  dihydrate 
of  Example  VII.  The  piouuct  was  more  sensitive  to 
shock.  however,  than  the  dilijdratc,  as  judged  by  the 
eu<c  with  which  it  exploded  when  struck  by  a  hammer. 

EXAMPLE  IX 

Dilhexamminccohalit  111) ]  dccalrydrodeca- 
torate  biscliromate 

| ('o(  Nlljlslt  NOjMCrO,)  was  prepared  by  the  method 
described  for  the  preparation  of  |Co(NH3)c]2(Cr04)3  in 

Ar-c-rsitdw* 'u  CtiUmji  8 

Aui'aee  58,  UJ.  XVIII.  p.  68.  The  product  was  rccrystal- 
lired  lwice  before  analysis.  It  was  shown  to  have  the  in¬ 
dicated  structure,  rather  than  that  reported  in  Gmclin, 
by  its  analysis  and  infrared  absorption  spectrum. 

Analysis. — Calcd.  for  CofNIIjlofNOaHCrO,):  Co, 


prepared  by  the  method  of  Burstall  and  Nyholm,  J. 
Clrem.  Soc.  1952,  3578.  .  ,  , 

A  solution  of  1.05  g.  of  in  2  ml.  of  water 

was  added  to  a  solution  of  6.0  g.  of 
5 

(Cobipy3)(C104)3-3H20 

in  55  ml",  ol  wate^at  80'  C.  The  Lot  svhiticn  was  rapidly 
ln  cooled,  whereupon  a  reddish-brown  solid  precipitated. 
The  latter  was  worked  up  by  the  method  of  Example  I 
to  give  4,92  g.  of  tris(2,2'-bipyridyl)cobalt(III)  decahy- 
drodecaborate  perchlorate,  (Cobipy3)  fBlcHio)  (CIO,). 
Analysis. — s-alad.  fur 
15 

[Co(C1QH8Na)3l  (B10Hj3)  (CIO,) 

B,  14.52;  Cl,  4.76;  Co,  7.91;  N,  11.28.  Found:  B,  12.54; 


\n>  _ LalCil.  1  or  «.oi  iniiiJgv vu,  '•'*»*’*  :  ; 

7  3."-  Cr  15,34;  N,  28.91.  Found".  Co,  18.18,  18.06;  20  Cl,  5.61,  5.68; Co,  7.08, 720; N,  10.88,  lG.y*.. 
•f‘.  is.U6.  il  95;  N,  r.i.90,  28  sa 


The  pie*  nee  of  a  nitrate  group  was  confirmed  by  absorp-  The 

•  icn  in  the  vicinity  of  7.3,*  and  sharp  absorption  at  12.1#*  by  a 

in  the  infmcJ.  heatc 

A  •ohiii'on  iif  5.36  g.  of  [Co(NH3)al(N03)(CrO,)  25  acid, 
in  510  ml.  of  water  was  prepared  by  heating  the  water  Tli 

to  *h)*  C  and  then  adding  the  cobalt  compound.  Ad-  illust 

di.ion  of  a  solution  of  1.45  3.  of  (NH,)2n,0H10  in  5  ml.  the  i 

of  water  to  the  l.ot  solution  caused  immediate  precipi-  1-2 


The  solid  product  exploded  when  struck  a  sharp  blow 
by  a  hammer  on  a  hard  surface,  when  dropped  on  a 
heated  surface,  or  when  mixed  with  concentrated  nitric 

acid.  _  , 

The  products  and  processes  of  this  invention  have  ueen 
illustrated  by  the  foregoing  specific  examples;  however, 
the  invention  is  generic  to  the  products  defined  on  pages 
1-2  and  the  processes  defined  on  pages  9-10.  Additional 


nf  wjirr  to  the  Lot  ^lutica  caused  immediate  precipi-  i-z  ana  me  process  ucimeu  - . 

ptinn  of  t  shiny  cranM-ycilow  solid,  which  was  worked  30  examples  of  cobiilt(ni)  and  chrommm(III)  ammine 
i,.non  nr  .1  ...  ,  T  c  to  „  ai.  erdu  and  the  reactants  from  which 


up  by  the  method  of  Example  I  to  give  5.39  g.  of  di- 

Ihevamminecubiitflll)  Idccahydrodecaboratc  biscliro- 
male,  [CofHN,  > •  I :( 


CAiUJIlJICi  VJi  - - - '  . 

polyhydropolyhoratc  salts  and  the  reactants  from  which 
they  can  be  prepared  arc  listed  in  Table  I.  The  cobalt- 
and  chromium-containing  starting  materials  either  are 
known  compounds  or  can  be  prepared  by  modifications  of 


trrrfv  v  •  Known  compouttus  uit-uu  uu  - 

Analysis. — Calcd.  lor  l(.o(.lN3)6|2(U|0H10M.t.ru1)2.  03  p,ocec]ures  Ascribed  in  this  application  or  in  the  litera 
B.  Ih.u9;  Co.  17.53:  Cr,  15.47;  N  24.99  bound:  B,  tUre.  For  convenience,  all  the  reactants  and  products  have 

16  59;  Co,  13.28,  13.44;  Cr,  15.22,  15.20;  N,  zaji,  been  depicted  in  their  anhydrous  forms;  it  is  to  be  under- 

2  »,92.  stood,  however,  that  hydrates  of  the  reactants  can  be  used, 

The  product  exploded  when  struck  sharply  with  a  hammer  and  that  the  products  may  be  isolated  from  aqueous  mc- 
on  a  hard  surface  and  Hashed  explosively  when  treated  40  dilim  as  hydrates.  Bvnn.,.  „ 

with  concentrated  nitric  acid  or  dropped  on  a  hot  sur-  A  procedure  somewhat  similar  to  that  of  Example  11 

V  _ nrA-snro  fhr*  rxrnrttTrfC  XI— XVII 


16  59;  Co.  13.23,'  13.44;  Cr.  15.22,  15.20;  N,  24.99, 
24.92. 

The  product  exploded  when  struck  sharply  with  a  hammer 


EXAMPLE  X 

Tris(2,2’-bip>rid)T)coball(lII)  dccahydrodecaborate 
perchlorate 

(Cobipyi)(C10,)j-3H;0  (bipy=2,2'  -  bipyridyl)  was 


JIIUI.V.UUIU  JUIIIVHIIW.  “ . *  — ^ 

may  be  used  to  prepare  the  products  labeled  XI-XV1I 
in  the  table;  while  the  general  method  of  Example  VII 
may  be  employed  to  obtain  the  products  listed  as  XVIII- 
45  XXIV  in  the  table.  Product  XXV'  is  prepared  by  a  method 
generally  equivalent  to  that  of  Example  X;  and  products 
XXVI-XXX  may  be  produced  by  a  process  based  on  Ex¬ 
ample  I. 


TAttl.B  I 


|Co(N'H|ldl.-0)(NOiti+(NHi)iBiiiIIii 
'  jcoi  -' Ili'aluri'.llIllrOili+UrtliolIn 

.  'CrlMl.Mii  ni:'irlMt<l:tiictli« 

t’at  S  t!.]iNO[liN*lih-HNlIi),BijHit 


Co(NI!:)dt:0!.(D,tlI,d(NOl). 

Co(N  1  li)i(  HrOOhl  Hiell  in)(13fOi)i 
CrtNUO*!  •Hi'tidtClO.), 

Co(NIIi)sNOi1:(Ui,11i!HNOi)i 

Co(Nitilil:(Hi."Hi:)(IO>)r  .  . 
Co(NI!i)'.NO:]:l  BicIIio)(CIO,)i 
ICo(N)Ii)i):(Didlii)  (CIO,)* 


*  /  Oil.  \* 

(  cm  \ii-siii  J 

_C\im — itt-NHi/i- 


(NOi):+N»iBiiHii 


...  tCr(IIiNfII-CIIiMI.)>l(N0i):+(NH,)in,rfIn 

cii.  cm 

...  lCo(ll:NCliClliCTlNtilnlv!4Ui3i+N»iBi,Hn 


-  /  CHi  \  ' 

( cli,  Ncn-nh, 

_  \illr — in— Nil!/ 1. 


(Co(.NH0(Il!NClI351tiNIl!>!tIl!O)l(NOi)i+LIiBiiiru 


(BuIIiOtNOi) 


|Cr(U.N'cn.-CmNtl!)il(Bi!Hi!)(NO«) 

cm  cm 

SCoflMHdUC  "lj-  tlhtmull  n»nullNOi) 

ICotNHiKHdCCn.-CmNHdjHiOKBtinuMNOi) 


"»\JL 

I....  ;Cr(H:NCI!."CmNni)ili(CriOi)»-MNm)iBi:nii 


.(BigII»)(NOi) 


|Cr(HiNCnA5HiNHj)ilj(Bi!HiO(CrK):)i 


,  lCo(II:NCIICIItNH,)!(NHi).-l(MiiO,),+NS!Biini, 


hcH1Nn:)J(Nn,):l(Bitn„)(SInO0 


gJJ 7^g&. 
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TABLE  I— Continual 
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IlKictants  nuuuu.  . 

XXV . 

(  J  \  /  "\\  "11X01)1+41.13111111 

1 

13 

A/ 

j  z 

o 

1 _ 1 

jin,tn»)(NOi) 

Clli 


CH, 


XXVI....  (Cnh A'l'iriCU.-StDiCLN'LTICII.-NIIjJWBtsIIiiIi+KNOi 


ICr(IIiNCIIsCHiKH.0:(nAilICII)NHi);CBuHij)(NOi) 


ru,  cil, 

XXVII...  lCo(l!sN<-U— CIINII.)i):(I>ij11ii)»1-N!IiNO» 


CII,  CU» 

ICoCUjN^H — djHXn:)j](BiaHii)(NO») 


ni« 

i 


CIIi 

t 


XX VIII..  |rrH!l:NCHCHAII:)i]:(Ui:lli:MA;i:Cr04 


|Co(H:NCIICn:Nn:);ljBuIIii(CrOi)« 


XMX....  Ii'rfMHiM.ilL  H.Ai  PN»lf\ 
XXX .  ;(T(Xni'  i;Ulii‘li.!i  i  NaCIO 


Cr(NUj)ti(UiolIia)(CIO) 
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Utility  of  the  products 

The  rroducls  of  this  invention  lire  useful  as  explosives. 
TI.ey  are  pochitly  v-cful  as  one  or  more  of  lhc  active 
components  of  cledrie  oholinp.  caps.  . 

A  i% pica!  cap  is  shown  in  lhc  accompanying  drawing. 

It  is  constiuclc'il  a:ul  churned  as  follows:  The  cap  com¬ 
prises  a  hron/c  shell  tl.  of  length  I'/k  in.,  outer  diam- 
C|,.r  o  "’72  in  .  and  average  inner  diameter  0.26  in.  At  Inc 
hoi  tom  oi  11, e  shell,  adjaceni  io  the  elosed  end,  is  loaded 
and  piesvM  al  2150  I'.’s.  a  base  charge  12.  Above  t..c  base 
caaiac  is  loaded  mid  pic-sscd  at  200  lbs.  a  primer  charge 
11  and  above  the  primer  charge  is  inserted  a  loose  (un- 
pJes-cd)  ip  nit  lem  charge  14.  A  imhcl/chromium  (80/20) 
biidcc  vviio  IS  of  resistance  I.l7i0.50!!,  soldered  to  and 
ccmviciin*;  the  tcimiiwN  of  lhc  lead  wires  16,  is  em¬ 
bedded  in  tin:  ignitim'.  charge.  The  shell  is  sealed  with  a 
ruu her  plu-!  17,  which  abo  holds  the  load  wires  firmly  in 
row.ion.  'the  lead  wires  are  !•*  in.  apart  and  project  /» 
in  t-low  the  Kittom  <>(  the  rubber  rlug.  Alternatively, 
other  conventional  shell-sealing  means  can  be  used.  After 
the  cp  is  charged  ar.J  the  plug  is  inserted,  three  periph¬ 
eral  ciin-s  t,1  are  made  in  the  shell  wall  to  sea!  the  plug. 

The  following  examples  illustrate  the  use  of  the  prod¬ 
ucts  of  this  invention  as  components  of  electric  blasting 
caps. 

EXAMPLE  a 

The  cap  described  above  was  loaded  with  four  grains 
of  pressed  lCulNIl3)«l2(B|2H|2)(N03)4-2H20  as 
base  charge,  four  grains  of  pressed  lead  azide  as  the 
primer  charge,  and  four  grains  of  loose  (impressed) 
"50/25/25”  commercial  ignition  mixture  (50%  by  weight 
smokeless  powder,  25%  lead  salt  of  dinitro-o-cresol,  and 
25%  potassium  chlorate)  as  the  ignition  charge.  The  cap 
was  placed  with  its  bottom  (the  integrally  closed  end) 
against  a  %  in.  lead  plate  and  detonated  by  passage  of 
a  5-anipcrc  current  through  the  lead  wires  and  the  bridge 
wire.  The  detonation  blew  a  hole  in  the  lead. plate  of  a 
size  and  pattern  corresponding  to  good  explosive  activity 
for  the  cobalt  salt  as  a  base  charge.  Essentially  the  same 
result  was  obtained  when 

ICo<NHj)»!5(3iiHu)(NOj)-4HiO 
tCo(NH3)8l-.<BioH10)(N03)« 
ICr(NH3)4N03lj(B,oHio)(N03h 
or  (Cocn3)(BI0Hl0)(NO3)  H2O  was  substituted  for 
lCo(NH3)jh(B12H,j)(N03)«-2H20 
as  the  base  charrj:  in  this  test. 

EXAMPLE  3 

The  experiment  of  Example  A  was  repeated,  except 
that  the  cap  was  loaded  with  four  grains  of  pressed 
PETN  (pentaerythritol  tetranitrate)  as  the  base  charge, 
four  grains  of  pressed 

tCr  ( NHj )  sNOj  U  B,0H  ,„H  NO,  >i 
as  the  primer  charge,  and  four  grains  of  the  loose 
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“50/25/25”  commercial  ignition  mixture  of  Example  A 
as  the  ignition  charge.  The  detonation  blew  a  hole  in  the 
lead  plate  of  essentially  the  size  and  shape  of  the  bottom 
of  the  cap,  which  result  showed  that  the  chromium  com¬ 
pound  had  good  activity  as  a  primer  charge.  Similar  re¬ 
sults  were  obtained  when 

[Co(NH3)e]2(BI2Hi2)(NO,)«-2H20 

[Co(NH2:e}-(B10HI0)(NOj)4 
was  substituted  for 

lCr(NH,)sN03|2(B10H|o)(NO,)2 
as  the  primer  charge  in  this  test. 

EXAMPLE  C 

The  experiment  of  Example  A  was  repeated  with  four 
grains  of  pressed  FETN  as  the  cap  base  charge,  four 
grains  of  pressed  lead  azide  as  the  primer  charge,  and 
four  grains  of  loose 

[Co(NH3)612(B10H,o)(N03)4 

as  the  ignition  charge.  The  detonation  blew  a  hole  in  the 
lead  plate  similar  to  that  described  in  Example  B,  show¬ 
ing  that  the  cobalt  compound  had  good  activity  as  an 
ignition  charge  for  the  electric  blasting  cap. 

[Co(NH3)s)2(S,2Hi2)  (N03)4-4H20 
the  corresponding  dihydrate 

[Cr(NH3)5KOJ)-(B10H10)(NO3)2 

and 

(Coenj)  (Bj^Hio)  (N03)  -H20 
each  gave  essentially  the  same  results  when  substituted 
for 

[Co(NH3)6]2(B,oH10)(N03)4 
as  the  ignition  charge  in  this  test. 

EXAMPLE  D 

The  experiment  of  Example  A  was  repeated,  except 
that  the  cap  contained  four  grains  of  pressed 

ICo(NHj)6]2(B10H,o)(NO,)4 

as  the  base  charge,  another  four  grains  of  the  same  com¬ 
pound  (pressed)  as  the  primer  charge,  and  still  another 
four  grains  of  the  same  compound  in  loose  form  as  the 
ignition  charge.  Detonation  blew  a  hole  in  the  lead  plate 
of  essentially  (he  size  and  pattern  of  the  one  that  resulted 
in  Example  A.  Substitution  of 

[Cr(NrfJ)sNOJj2vfa,oH1o)tNOj), 

or 

[Co(NHj),)2(BuHi2)(NOa)4-2H20 
for 

ECo(NHJ)9)i(Bl(3H,0)(N01)4 

gave  essentially  the  same  result. 

The  resa’-tt  E*tn.g?«  D  ecufffni  what  )s  nhowi  fcy 
Examples  A,  B,  and  C,  viz.,  that  products  of  this  inven- 
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tion  not  onty  arc  useful  as  explosives  but  moreover  arc 
exceptionally  useful  i.t  ductile  blasting  caps  arid  other 
electrically  actuated  initiators  and  ignitors,  in  that  they 
can  function  as  base  charges,  primer  charges,  and/or  igni¬ 
tion  charges.  This  combination  of  functions  is  shown  by 
only  very  few  other  compounds,  e.g.,  mercury  fulminate. 
It  is  significant  that  this  combination  of  properties  is  not 
shown  by  complex  cobait  and  chromium  ammine  salts 
containing  oxidizing  anions  but  no  polyliydropolyborate 
anions,  e.g.,  [Cr(NH3)ol(N03)3,  lCo(NH3)8l(N03)3, 
and  (Cocn3)(N03)3,  which  have  long  been  known  to  be 
explosive  under  certain  conditions  (see,  for  example, 
Tomlinson  ct  ah,  J.  Am.  Chcm.  Soc.  71,  375  (1949)). 
Furthermore,  the  cobalt  and  chromium  ammine  salts  con¬ 
taining  no  poiyhydropoiyborate  anions  arc  much  less 
powerful  explosives  than  the  products  of  the  present  in¬ 
vention  when  used  as  single  components  of  blasting  caps, 
i.e.,  as  base  chargers,  primer  charges,  or  ignition  charges. 
This  is  shown  conclusively  by  the  fact  that  when 

L'CrCNHjldUKOjlj 

lCo(NH3)6](N03)a 

(Cotn3)(NC3)3 

(Cobipy3)(C!04)3-3H20 


14 

wherein  a  is  the  valence  of  the  anion  A  and  the  remain¬ 
ing  letters  are  defined  is  above,  with  the  ptovtvo  that 
(r+p)  is  greater  than  zero;  and 

II.  hydrates  thereof. 

5  2.  The  compounds  of  claim  1  wherein  L  is  selected 

from  the  class  consisting  of  ammonia,  saturated  acyclic 
1,2-diprimary  amines  of  2-5  carbons,  o-phenylcnediamine, 
2,2‘-bipyr,:dyl  and  o-phenanthroline;  and  A  is  selected 
from  the  class  consisting  of  nitrate,  chromate,  dichro- 
10  mate,  permanganate,  hypochlorite,  chlorite,  chlorate,  bro- 
mate,  iodate,  perchlorate  and  periodate. 

3.  Hcxamrr,inecobalt(lll)  dodecahydroclodecaborate 
nitrate  dihydrate. 

4.  Tris(ethy!cnediamine)cobaIt(IlI)  decahydrodecabo- 
15  rate  nitrate  monohydrate. 

5.  Tris(2,2*-bipyridyl)cobait(III)  decahydrod'eaborate 
perchlorate. 

6.  Dithcxamminecobalt(III)]  decahydrodecaborate 
bischromate. 

Jj  7.  A  ,-roduct  having  the  formula 


[Co(Nl-I3)e]  (N03)  (Cr04) 

was  used  as  the  test  compound  in  any  of  examples  A, 

B,  or  C,  no  hole  at  all  was  blown  in  the  lead  plate  when 
the  cap  was  detonated. 

As  many  apparently  widely  ditferent  embodiments  of  30 
this  invention  may  be  made  without  departing  from  the 
spirit  and  scope  thereof,  it  is  to  be  understood  that  this 
invention  is  not  limited  to  the  specific  embodiments  there¬ 
of  shown  herein. 

The  embodiments  of  the  invention  in  which  ait  ex-  35 
elusive  property  or  privilege  is  claimed  ?re  defined  as 
follows: 

1.  Compounds  selected  from  the  class  consisting  of 

I.  compounds  of  the  formula 

[MLj.3.p(HjO)n(A)p]5(BqH,)  (A)r  40 

wherein 

(1)  the  bracketed  moiety  represents  a  metal  animinc 
cation  in  which  M  is  selected  from  the  class  consisting 
of  trivalent  hexacoordinated  cobalt  and  trivalent  hexaco-  45 
ordinated  chromium;  L  represents  a  ligand  selected  from 
the  class  consisting  of  ammonia,  monoprimary  amines, 
heterocyclic  amiim,  'satuated  acyclic  1.2-  and  1,3-di- 
primary  amines  of  2-5  carbon  atoms,  saturated  alicydic 
1,2-diprimary  amines,  aromatic  1,2-diprimary  amines,  50 
heterocyclic  1,2-ditertiary  amines  and  saturated  aliphatic 
straight-chain  tri-  and  tetramines;  n  is  a  whole  number 
of  from  0  to  1,  inclusive,  and  represents  the  number 
of  coordinated  water  (H20)  molecules  in  the  cation; 
p  is  a  whole  number  of  from  0  to  1,  inclusive,  and  repre-  55 
sents  the  number  of  coordinated  A  anions  in  the  cation; 
the  sum  of  n  and  p  at  most  is  1;  and  s  is  a  whole  number 
of  1  to  2,  inclusive,  and  represents  the  number  of  cation 


said  product  being  formed  by  the  process  of  reacting 
[Cr(NH3)(!] (N03)3  with  a  salt  selected  from  the  class 
consisting  of  ammonium  and  alkali  metal  dec-ihydro- 
decaboratcs  ar.d  isolating  the  resulting  product. 

8.  Process  which  comprises  reacting  a  metal  ammine 
salt  in  which  the  metal  is  selected  from  the  class  consist¬ 
ing  of  chromium  and  cobalt  in  the  hexacoordinated  tri¬ 
valent  slate,  wherein  the  ammine  ligand  is  selected  from 
the  class  consisting  of  ammonia  and  amines  and  the 
anions  of  said  salt  arc  oxidizing  anions  with  a  reduc¬ 
tion  potential  of  at  least  0.5  v.,  with  a  polyhydropoly- 
borate  salt  wherein  the  cation  is  selected  front  the  class 
consisting  of  ammonium  and  alkali  metal,  and  the  anion 
is  selected  from  the  class  consisting  of  BI0HI0=  and 
B12H13=  and  isolating  the  resulting  product  consisting 
of  a  double  salt  having  cations  of  a  metal  ammine,  an 
anion  selected  from  Bi0Hl0=  and  BnH,j=  and  at  least 
one  oxidizing  anion  with  a  reduction  potential  of  at  least 
0.5  v. 

9.  Process  which  comprises  reacting  a  metal  ammine 
salt  wherein  the  metal  is  selected  from  the  class  consist¬ 
ing  of  chromium  and  cobalt  in  the  hexacoordinated  tri¬ 
valent  state,  wherein  the  ammine  ligand  is  selected  from 
the  class  consisting  of  ammonia  and  amines  and  the 
anion  of  said  salt  is  selected  from  the  class  consisting  of 
BioHio~  and  BI2H12~,  with  a  salt  wherein  the  cation  is 
selected  from  the  class  consisting  of  ammonium  and 
alkali  metal  and  the  anion  is  an  oxidizing  anion  with  a 
reduction  potential  of  at  least  0.5  v.,  and  isolating  the 
resulting  product  consisting  of  a  double  salt  having 
cations  of  a  metal  ammine,  an  anion  selected  from 
BioHio=  and  B12HI3=  and  at  least  one  oxidizing  anion 
with  a  reduction  potential  of  at  least  0.5  v. 


entities  present; 

(2)  the  entity  (BqH„)  represents  a  divalent  polyhy-  60 
dropolyborate  anion  in  which  q  is  a  whole  number 
selected  from  the  class  consisting  of  10  and  12;  and 

(3)  A  represents  an  anton  derived  from  an  oxy-acid 
of  an  clement  selected  from  the  groups  of  the  Periodic 
Table  consisting  of  Groups  VA,  VIB,  VIIA  and  VI1B;  65 
and  r  represents  the  number  of  A  groups  in  the  com¬ 
pound  vii&iub  the  metal  amine  ration  stud  is  a  whole 
number  of  from  0  to  four,  inclusive,  which  is  determined 

by  the  formula 

a(3-pa)— 2  70 
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METHOD  OF  PREPARING  TETRAETHM. AM¬ 
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ABSTRACT  OF  THE  DISCLOSURE 

Tetracthylammonium  decahydrodecnborutc  (2)  is  made 
hy  pyrolyzing  tetraethylammonium  octahydrotriborate 
in  triethylamine  borane  solvent. 


The  co-pcnding  application  of  Makhlouf  and  Hough, 
Ser.  No.  579,220,  now  United  States  Patent  No.  3,373,203 
filed  Sept.  14,  1966,  of  common  ownership  with  this 
application,  discloses  the  heating  of  tetraethylammonium 
octahydrgtriborate  to  thermally  decompose  it  to  produce 
tetraethylammonium  decahydrodecaborate. 

In  accordance  with  this  invention,  this  thermal  de¬ 
composition,  or  pyrolysis,  is  accomplished  by  heating  a 
solution  of  tetracthylammonium  octahydroborate  in 
triethylamine.  The  use  of  the  triethylamine  borane  solvent 
permits  better  temperature  control  as  well  as  a  some¬ 
what  lower  reaction  temperature  than  when  pyrolyzing 
tfie  sAtd  sail.  The  sctdtkm  pyrJysL,  t. -cause  the  sulu 
lion  temperature  is  easily  cat  trailed  and  kept  uniform 
throughout  by  conventional  processing  methods,  is  readily 
useable  in  large  scale  operations. 

To  illustrate  this  invention,  60.02  grams  of 

(CaH5)1-NB3H0 

and  118.31  grams  of  (C3HS)3NBH3  were  placed  un¬ 
der  a  nitrogen  atmosphere  in  a  glass  reactor  equipped 
with  a  stirrer  and  having  an  outlet  discharging  through 
a  Dry  Ice  condenser  and  a  wet  test  meter.  The  mixture 
was  heated  with  stirring  to  170-173"  C.;  solution  oc¬ 
curred  at  100-106“  C.  with  gas  evolution  and  a  solid 
again  precipitated  at  about  168°  C.  The  reaction  mixture 
was  kept  at  170-173"  C.  for  six  hours  until  gas  evolution 
ceased. 


Pyrolysis  by-product  triethylamine  (0.14  mole)  was 
recovered  in  the  Dry  Ice  condenser  and  22.4  liters  of 
gases,  primarily  hydrogen  and  ethane,  discharged  through 
the  wet  test  meter.  The  reaction  mixture  was  cooled  to 
5  room  temperature  and  triethylamine  borane  solvent  was 
filtered  from  the  solid  pyrolysis  products,  residual  solvent 
being  recovered  by  pentane  wash.  All  of  the  triethylamine 
borane  (118.23  g.)  was  recovered.  The  solid  products 
(41  g.)  were  treated  with  hot  water  to  separate  a  soluble 
jq  fraction  (29.1  g.)  identified  as  [(C2H5)4N]2B10Hio  by 
infrared  analysis.  The  elemental  analysis  of  the  produet 
was:  B,  25.9  milliatoms  (mats.)/g.;  C,  41.0  mats./g.;  N, 
6.85  mats./g.;  and  H,  134.1  mats./g.  compared  to 
theoretical  values  of  B,  26.4  mats./g.;  C,  42.3  mats./g.; 
)5  N,  5.3  mats./g.;  and  11,  132  mats./g. 

The  pyrolysis  occurs  at  temperatures  above  about  170° 
C.  atid  H  is  generally  preferred  to  use  temperatures  be¬ 
tween  170“  C.  and  180°  C.  The  amount  of  solvent  used 
is  not  critical  to  the  operability  of  the  method,  but  it  is 
20  preferred  to  use  at  least  enough  solvent  to  completely 
dissolve  the  octahydroborate,  suitably  at  least  about  2 
parts  by  weight  of  triethylamine  borane  for  each  part  by 
weight  of  tetraethylammonium  octahydroborate. 

According  to  the  provisions  of  the  patent  statutes,  I 
25  have  explained  the  principle  and  mode  of  practice  of 
my  invention  and  have  described  what  I  now  consider  to 
represent  its  best  embodiment.  However,  I  desire  to  have 
it  understood  that,  within  the  scope  of  the  appended 
claims,  the  invention  may  be  practiced  otherwise  than  as 
3(1  speclfirs-fiy  dessjfctxl 

1  claim: 

1.  A  method  of  preparing  tetraethylammonium 
decahydrodecaborate  (2)  that  comprises  thermally  de¬ 
composing  a  solution  of  tetraethylammonium  octahy- 

35  drotriborate  in  triethylamine  borane. 

2.  A  method  according  to  claim  1  in  which  the 
temperature  is  between  about  170  and  180"  C. 


40 
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REACTION  PRODUCTS  AND  PROCESSES 
Vaugim  A.  Engclhardf,  Wilmington,  Del.,  assignor  to  E.  1. 
du  Pont  do  Nemours  and  Company,  Wilmington,  Del., 
a  corporation  of  Delaware  5 

No  Drawing.  Filed  May  31,  1362,  Scr.  No.  159,572 
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lot.  Cl.  COlb  35/00,  21/00 

This  invention  rclr.tes  to  new  compounds  containing  jq 
boron  and  to  methods  for  preparing  the  compounds. 

Eoron  compounds,  principally  salts  of  boric  acid,  have 
been  in  commercial  use  for  many  years.  Recently  other 
boron  compounds,  e.g.,  low  molecular  weight  boron 
hydrides,  have  achieved  technical  importance  in  applica-  15 
tions  employing  oxidizing  and  reducing  agents.  There  are 
many  potential  applications,  however,  for  which  the 
available  boron  compounds  are  unsuited  because  of 
hydrolytic,  oxidative  or  other  types  of  instability.  To 
illustrate,  diborane,  chlorodiborane,  pcntaborane(9)  and  20 
trinlkylboron  compounds  arc  spontaneously  flammable  in 
air.  Diborane,  pentaboranc(9),  chlorodiborane,  boron 
trichloride,  iododecaboranef  14),  and  most  other  boron 
halides  are  hydrolyzed  rapidly  in  water  or  alcohol.  Even 
the  most  stable  known  borohydride,  i.e.,  dccaborane(14),  23 
is  hydrolyzed  at  a  moderate  rate  in  water.  Known  ionic 
borohydrides,  c.g.,  tetrahydroborates  (NaBRi,  and  the 
like),  are  hydrolyzed  at  a  rapid  rale  at  100°  C. 

A  broad  class  of  boron  compounds  has  now  been 
found  which  show  good  hydrolytic  and  oxidative  stability.  30 
The  novel  boron  compounds  of  this  invention  are  poly- 
hydropolyborates  consisting  of  (1)  a  group  of  20  co:> 
joined  boron  atoms  and  18  hydrogen  atoms  bonded  to 
boron,  and  (2)  a  group  selected  from  ammonium,  N- 
mcnosubstitutcd  ammonium,  N-disubstituicd  ammonium,  33 
hydraz.inium,  N-monosubstitutod  bydrazinium,  and  N- 
disubsiitutcd  hydrazinium  which  groups  form  cations  in 
aqueous  or  alcoholic  solutions. 

The  compounds  of  the  invention  are  further  defined 
by  the  following  generic  formula:  40 

M0(B2oHij)i,  (1) 

where  M  is  a  cation  selected  from  ammonium,  mono- 
substituted  ammonium,  disubstituted  ammonium,  hydra¬ 
zinium,  monosubstiluted  hydrazinimum  and  disubstituted  45 
hydrazinium  groups;  a  and  b  arc  the  smallest  positive 
whole  numbers  which  satisfy  the  equation; 

,  a  X  valence  of  M 

2  (2)  60 

Thus,  M  is  a  cation  which  is  derived  from  ammonia, 
primary  amines,  secondary  amines,  bydraz.ine,  mono- 
substituted  hydrazines  and  disubstituted  hydrazines.  The 
primary  amines  and  secondary  amines  can  have  more 
than  one  primary  or  secondary  amine  group,  e.g.,  di- 
aminoethar.c,  1,6  «  diaminohexane,  1,4  -  diaminocyclo- 
hexnne,  1,5  -  diamino-3-azapentanc,  p-phenylcncdinmine, 
piperazine,  and  the  like.  Preferably  the  number  of  amine 
groups  in  the  primary  and  secondary  amines  from  which  0Q 
M  is.  derived  is  at  most  three. 

The  cation  groups  which  are  within  the  scope  of  M 
can  be  represented  as  NK4+,  RNH3+,  R2NH2+,  NH2NH3+, 
R'NHNH3+,  R'NHNRW,  and  R'2NNH3+.  R  and  R' 
are  monovalent  organic  groups  bonded  to  the  nitrogen  65 
through  carbon. 

The  characteristics  of  the  R  groups,  which  are  bonded 
to  the  nitrogens  of  the  cations  derived  from  primary 
and  secondary  aminc.i,  are  not  critical  features  of  these 
groups.  Thus,  the  F.  groups  can  be  open-chain,  closed- 
chain,  saturate  I  or  unsaturated  hydrocarbon  groups  or 
substituted  hyd-ocatbon  groups.  The  R  groups  can  be 
aiiptnuic,  Cyclv  aliphatic,  aromatic  or  hetvroejftlie  fa 


2 

character.  When  two  R  groups  ah  bended  to  nitrogen,  the 
groups  can  form  a  ring  of  which  the  nitrogen  is  a  mem¬ 
ber,  c.g.,  morpholine,  thiamorpholiiie,  hexamethylene- 
imine,  piperidine,  piperazine,  and  the  like.  Preferably,  for 
reasons  of  availability  of  amines,  the  R  group  contains  a 
chain  of  1-18  carbons  with  at  most  one  interrupting  atom 
which  is  oxygen,  nitrogen  or  sulfur,  in  which  chain  any 
aliphatic  unsaturation  (i.e.,  unsaturation  other  than 
aromatic)  is  at  most  one  carbon  to  carbon  double  bond 
and  any  substituents,  if  present,  are  halogen,  cyano, 
hydroxyl  or  amine  (the  last  group  shares  in  cation 
formation).  In  a  more  restricted  sense  the  R  groups  can 
be  alkyl,  cycloalkyl,  alkenyl,  cycloalkenyl,  aryl,  aralkyl, 
alkaryl,  and  heterocyclic.  To  illustrate,  R  can  be  methyl, 
2-ethylhcxyI,  ociadecyl,  ally!,  crotyl,  octadecenyl,  cyclo¬ 
hexyl,  cyclohexenyl,  phenyl,  naphthyl,  anthryl,  phenan- 
thryl,  cyclohexylphenyl,  tcrpher.yl,  chlorocthyl,  fiuoro- 
propyl,  bromobulyl,  /3-hydroxyethyl,  p-hydroxyphenyl, 
and  the  like.* 

R'  groups  bonded  to  hydrazinium  cations  are  preferably 
alky!  or  aryl  groups  of  up  to  8  carbons,  e.g.,  methyl, 
ethyl,  hexyl,  octyl,  phenyl,  toiyl.  xylyl,  and  the  like. 
Thus,  hydrazinium  cations  can  be  derived,  c.g.,  from 
phenylhydrazine,  mclhylhydrazine,  1,1-dimcthylhydrazine, 
1,2-dimethylhydrazine,  ethylhydmzinc,  1,1-diethylhydra- 
zinc,  and  similar  compounds. 

The  valence  of  the  cation  M  will  be  determined,  of 
course,  by  the  number  of  basic  nitrogen  groups  which 
arc  present  in  the  amine  from  which  the  cation  is  derived. 
To  illustrate,  cations  from  ammonia,  hydrazines,  mono- 
and  disubstituted  monoamines  are  monovalent,  cations 
from  diamino-substituted  compounds  are  divalent,  cations 
from  triamino-substitnted  compounds  are  trivalent,  and 
the  like. 

The  group  (B20H1b) 

The  novel  and  characterizing  feature  of  the  compounds 
of  the  invention  is  the  polyhydropolyborate  group 
(B2iiHic)-2.  The  group  is  represented  genericaily  as  hav¬ 
ing  a  negative  ionic  charge  of  2  and  the  group,  therefore, 
behaves  in  chemical  reactions  as  a  divalent  anion.  The 
group,  chemically,  is  exceptionally  stable.  It  is  not  easily 
decomposed  by  hydroljsis,  oxidation  or  reduction  and  it 
is  resistant  to  thermal  decomposition.  The  group  is  un¬ 
changed  in  simple  metnthetic  reactions,  a  property  which 
allows  the  preparation  of  a  broad  range  of  salts  in  which 
the  cation  is  represented  by  M,  as  defined  in  Formula  1. 

In  addition  to  its  exceptional  stability,  the  B20HIt-* 
anion  undergoes  electrophilic  substitution  reactions  in  a 
manner  which  resembles  the  behavior  of  carbocyclic 
aromatic  compounds,  e.g.,  benzene  and  naphthalene,  to 
obtain  compounds  in  which  1  to  18  hydrogens  bonded  to 
boron  are  replaced  by  monovalent  substituents  (organic 
and  inorganic). 

The  behavior  of  (he  boron-containing  group  in  sub¬ 
stitution  reactions  is  particularly  surprising  in  view  of  the 
inorganic  composition  of  the  group. 

Characteristics  of  the  compounds 

The  compounds  are  generally  crystalline  solids  with 
the  high-melting  points  which  are  characteristic  of  salts. 
They  are  stable  under  conventional  storage  conditions  and 
can  be  kept  for  prolonged  periods  wiihout  decomposition. 
The  salts  are  generally  yellow  in  color  and  they  are 
soluble  in  hydroxylated  solvents,  e.g.,  water,  alcohol,  and 
the  like,  to  form  intensely  yellow  solutions.  The  com¬ 
pounds  show  characteristic  and  identifying  absorption 
bands  in  the  infrared  spectrum  at  approximately  the  fol¬ 
lowing  wavelengths  (expressed  as  microns):  11.3,  medi¬ 
um;  1 1.5,  strong;  12.1,  strong;  12.8,  medium;  13.4,  strong; 
13.7,  medium,  shoulder;  14.4,  strong;  and  15.0,  strong. 
irW(a  ki  'l.i  ck.afrefefti'k  bw  J&  iu  urcut  ih.bv&j  li»? 
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influence  of  the  cation  in  the  compound  and  some  varia¬ 
tion  in  the  above  values  may,  therefore,  be  noted. 

The  following  examples  illustrate  the  compounds  of  the 
invention: 

(NH,)jBaHlfc  (CH3NH,)aB20H,e.  (C.HjNH3)aB20H18 

(CidHsiNUjI-BioHis,  (Ci8H35NH3)2B2;)Hi3 
[(C2H7)-N11212H2aHi3,  t  iCalljlaNHjl-BjoHij 
(iso-C3H7NH3)aB2aHi8,  (se.-C4H3NHa)2B2(1Hia 
(C5HlcNH2)2BaaH15,  (CEH5NH2)2BaaH:8 
(CoIIs-Ccl^NHohBjoHu,  (C10H*NHS)2B20H,» 
(NHaCH-CsNJB-aHis-  lNH,(CH2)r-NH3lB20H,8 

[CN(ch-)4ch2nh,i2b20h13,  (hocm2ch2nh2)2bhhi8 

(ClCH,CH-NH3)2B2aH18,  (HOCeH4NH3)2B20Hlt 
(FCeH«N3 ) -BjoHis,  ( BiC6H«N I! j)-Bal I ,, 

(NHjN HO-B-allw,  (CH-NHN H2l;B20Hla 
[(CH3)aNNH3J2B59H«,  (C8H5NHNH3)a820U18 

and  the  like. 


Preparation  of  the  compounds 

. 20 

The  compounds  of  the  invention  are  Detained  by  oxi¬ 
dizing  a  dceahydrodccaborate(2~)  salt,  isolating  a  salt  of 
the  octadceahydroeieosaborntc(2")  from  the  reaction 
mixture  and,  optionally,  contacting  the  salt  so  obtained 
with  a  salt  having  the  cation  M,  and  isolating  a  compound  25 
of  Formula  1. 

In  the  nomenclature  used  above  the  numbers  in  par¬ 
enthesis,  c.g.,  (2_),  represent  the  valence  of  the  anion. 

The  dccahydrodecaborate  salt  employed  as  a  reactant 
in  the  oxidation  step  is  a  compound  of  the  following  30 
formula: 

MV(B,0Hio)b-  (3) 

where  M’  is  a  cation,  i.c.,  a  group  which  bears  a  positive 


and  uncomplicated  procedures  in  conventional  equipment. 
A  solvent  is  generally  employed  which  preferably  is  hy- 
droxytated,  c.g.,  methanol,  water,  and  the  like.  Water  is 
most  conveniently  used  and  it  is  therefore  the  preferred 
.  solvent 

0  The  ratio  in  which  the  reactants  are  employed  is  not  a 
critical  factor  for  operability.  However,  the  use  of  an  ex¬ 
cess  ofTxidant  may  lead  to  a  decrease  in  yield  of  the  de¬ 
sired  product.  It's  preferable  to  employ  at  most  two  oxi- 
1q  dation  equivalents  of  the  oxidant  (based  on  the  metal) 
per  mole  of  B^Hio-2  salt  or  acid  used  in  the  process.  The 
preferred  mole  ratio  of  oxidant  to  polyhydropulyborate 
can  be  determined  by  methods  described  in  Handbook  of 
Chemistry  and  Physis,  38th  cd.,  p.  I5S8,  Chemical  Rub- 
13  ber  Publishing  Co.  (1956). 

Pressure  is  not  a  critical  factor  in  the  process  and 
atmospheric  pressure  is  normally  used.  However,  if  de¬ 
sired,  pressures  higher  or  lower  than  atmospheric  can  be 
employed.  The  temperature  of  the  reaction  is  also  not 
20  critical.  Normally,  the  reaction  is  conducted  at  prevailing 
atmospheric  temperature  but  temperatures  as  low  as  0° 
C.  and  as  high  as  100°  C.  can  be  employed.  Preferred 
temperatures  of  operation  lie  between  about  10"  and 
75°  C. 

25  The  reaction  proceeds  rapidly  and  a  measurable  quan¬ 
tity  of  product  is  obtained  within  a  short  time.  Normally 
the  reactants  arc  maintained  in  contact  for  a  sufficient 
period  to  assure  maximum  yield.  The  time  of  reaction 
can  range  from  a  few  minutes  to  24  hours  or  more. 

30  In  the  operation  of  the  process  it  is  preferable  (al¬ 
though  not  essential)  to  add  the  oxidant  to  the  decaborate 
to  reduce  the  vigor  of  the  reaction  and  to  obtain  the  maxi¬ 
mum  yield  of  desired  product.  Normally,  therefore,  the 
reaction  vessel  is  charged  with  the  solvent  and  the  dccahy- 


chnrge  in  aqueous  solution,  and  u'  and  b'  represent  the  35  drodecaborate.  The  chemical  oxidant,  which  is  handled 


smallest  positive  whole  numbers  which  satisfy  the  equa¬ 
tion 

,,  a' X  valence  of  M' 

h~  ~2  (4) 

The  compounds  of  Formula  3  are  not  commonly  known 
and  preparation  of  a  representative  compound  is  described 
in  the  examples.  Any  dccahydrodecaborate (2~)  can  be 
employed,  i.c.,  compounds  in  which  M'  is  any  group 
which  can  form  a  cation  in  water,  are  operable.  For  rea- 


conveniently  in  solution,  is  added  gradually  to  the  vessel 
at  a  rate  which  provides  a  controllable  reaction.  After  all 
of  the  oxidant  has  been  added,  the  reaction  mixture  can 
be  stirred  for  a  short  period  and  a  solution  containing  a 
40  compound  having  a  desired  cation  is  added.  At  this  stage 
in  the  process  ihe  solution  which  is  added  can  contain  a 
cation  which  falls  within  the  scope  of  SI  as  defined  in 
Formula  I  or  it  can  be  tiny  other  cation-forming  group. 
Frequently  salts  of  alkali  metals  or  of  quaternary  ammo- 
niunr  bases  are  employed.  The  selection  of  the  cation  at 


sons  of  availability  and  cost,  it  is  preferred  to  use  dcca-  45  ,|,js  p0jnt  jn  process  is  solely  a  matter  of  convenience 
hydrodccaboratcs  of  Formula  3  in  which  M  is  hydrogen,  anii  availability  of  reactants. 

hydronium,  ammonium,  substituted  ammonium,  an  alkali  The  polyboratc  salt  may  precipitate  at  this  stage  but,  in 

metal  or  an  alkaline  earth  metal.  Specific  illustrations  of  (he  event  precipitation  dees  not  occur,  the  solution  is 

the  classes  of  preferred  reactants  are  Hj3i0Hk)  and  its  evaporated  to  a  volume  at  which  the  solid  separates.  The 

hydrates,  u  product  is  purified  by  conventional  procedures,  e.g.,  crys- 

Na2BloHio,  CsiB10HI0,  K2B,0HIG,  Li:B10Hi0  tailization,  to  obtain  a  salt  of  the  divalent  anion,  B20H„-J 

BaBI0Ht0,  CaBj0Hjo,  MgB„Hllh  (NH,):B10H10  having  a  cation  which  falls  within  the  scope  of  M  m  For- 

[(CH3)4N]2B10H10,  [(CH3)2NH3]sB10Hi0  1  ?r  «*<”•!  the  broader  scope  of  M  in  Formula  3. 


and  the  like. 

Oxidation  step  to  B20H18-J  compounds 

Oxidation  of  the  dccahydrodecaborate  reactant  is  ac¬ 
complished  either  chemically  or  elcctrolytically.  .  go 
In  chemical  oxidation  the  oxidizing  reagent  or  oxidant 
is  a  compound  having  as  a  characteristic  component  a 
metal  ,  of  variable  valence,  which  metal  is  in  its  highest 
valence  state,  said  compound  having  an  oxidation-reduc¬ 
tion  potential  in  acid  solution  of  about  —1.33  to  about  03 
—  1,61  volts.  The  oxidation-reduction  potential  of  a  com¬ 
pound  is  a  recognized  and  measurable  property  for  which 
values  are  found  in  readily  available  texts,  e.g.,  ‘‘Oxida¬ 
tion  Potentials,"  by  W.  G.  Latimer,  2nd  ed.,  Prentice- 


and  availability  of  reactants. 

The  polyboratc  salt  may  precipitate  at  this  stage  but,  in 
the  event  precipitation  dees  not  occur,  the  solution  is 
evaporated  to  a  volume  at  which  the  solid  separates.  The 
product  is  purified  by  conventional  procedures,  e.g.,  crys¬ 
tallization,  to  obtain  a  salt  of  the  divalent  anion,  B20Hi8_j 
having  a  cation  which  falls  within  the  scope  of  M  in  For¬ 
mula  1  or  within  the  broader  scope  of  M'  in  Formula  3. 

The  electrolytic  oxidation  process  is  conducted  by  well 
known  procedures  which  arc  described  in  texts,  c.g.,  see 
Glasstone,  “Introduction  to  Electrochemistry,”  Chap,  XV, 
D.  Van  Nostrand  Co.,  5th  cd.  (1951).  The  dccahydro- 
dccaborate  salt  is  dissolved  in  an  aprotic  solvent  to  pro¬ 
vide  a  solution  of  satisfactory  conductivity  to  which  suffi¬ 
cient  current  is  applied  to  release  gas  at  the  cathode.  An 
aprotic  solvent  is  a  liquid  which  has  no  tendency  to  release 
or  to  accept  protons  (see  Moeller,  “Inorganic  Chemis¬ 
try,-’  p.  312  (1954),  John  Wiley  &  Sons,  Inc.). 

The  solvents  employed  in  the  process  arc  usually  polar 
organic  liquids,  e.g.,  nitriles,  tertiary  nitrogen  bases,  N,N- 
disubstiluted  amides,  and  the  like.  Examples  of  suitable 
solvents  are  acetonitrile,  pyridine,  N.N-dimcthylaniline, 
dimethylformamide,  and  combinations  of  these  liquids.  A 


Hall,  New  York  (1952),  particularly  p.  344.  Examples  70  currcnt  o£  at  least  one  ampere  and  one  volt  is  usually 


of  classes  of  compounds  which  are  operable  in  the  proc¬ 
ess  are  dichromates,  aurates,  higher  oxides  of  lead,  man¬ 
ganic  salts,  permanganates,  higher  oxides  of  bismuth  and 
salts  of  tetravalent  cerium. 

iTw  Churjkxi  cxk'sUoo  Ii  eoziurtt-J  Ly 


employed.  These  conditions  are  not  critical  and  they  are 
used  solely  to  illustrate  a  satisfactory  method  of  opera¬ 
tion.  The  process  is  conducted  conveniently  at  atmos¬ 
pheric  temperature,  i.c.,  about  25*  C.  although  lower  and 
higher  lemf  eriUi-ru  ra'i  ij-  load,  >■  g  ,  as  t u'H  es  O*  C  at 


I  h 


I  *** 
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as  high  as  i 00*  C.  The  preferred  temperature  range  lies 
Le i\\  cc n  10*  and  60°  C. 

'1  he  salt  is  j  oined  in  tlie  electrolytic  oxidation  process 
by  methods  described  for  the  chemical  oxidation  process. 

In  lire  event  the  salt  of  the  LV1 1 18~:  anion,  as  isolated 
in  the  above  processes,  does  not  contain  a  cation  M 
which  falls  within  the  scope  of  formula  •  or  in  the  event 
it  is  desired  to  obtain  a  salt  with  a  different  cation  M,  the 
pet.ulee.1h5drpeieosabor.1te  salt,  as  isolated  from  the  proc¬ 
ess.  ci  a  he  reacted  with  a  wide  range  cf  salts  which  have 
a  cation  which  tails  within  the  scope  of  the  definition  of 
M  to  obtain  the  compounds  cf  the  invention.  This  optional 
step  in  the  process  is  simply  a  metathctic  reaction  cf  the 
Kind  which  is  well  Known  in  chemical  work. 


with  stirring  and  in  sufficient  amount  to  precipitate  com¬ 
pletely  a  violet-colored  solid.  The  solid  is  separated  by 
filtration  and  it  is  purified  by  crystallization  from  hot 
water  to  yield  the  yellow  compound,  bis(tctramcihyl- 
ammoninm)  octadecaliydroeicosaborate  (2~). 

The  compound  is  soluble  in  acetonitrile,  hot  methanol 
and  hot  water.  The  identity  of  the  product  is  confirmed  by 
elemental  analysis. 

Analysis. — Calc’d  for  I(CH2)4N|iEvH1e:  C,  2S.10; 
H,  11.06;  N,  7.32;-B,  56.64;  eq.  wt.,  191.4.  Found:  C, 
26.28;  H,  11.49;  N,  7.55,  7.S0;  B,  54.28;  cq.  wt.,  188, 
204. 

The  identity  of  the  compound  is  further  confirmed  by 
measuring  the  number  of  moles  of  hydrogen  obtained 


A  'cciinl  op'lounl  procedure  which  is  convenient  and  15  from  the  boron  moiety  (BMH16)  upon  complete  hy- 


of  wide  operability  consists  in  contacting  a  solution  of  the 
:  -.lit,  ns  isolated  in  the  process,  with  a  strong  acid 
to  ub'iiin  it  solution  of  the  acid  (expressed  also 

..>  fTS.O  f.,  .Th.xTt.de,  a  .ob.HoiT  v-t  a 

salt  is  contacted  with  a  solution  of  hydrogen  chloride  or  20 
s  1  I,  .1  lui,  iidci  s  >.d  ..cid  i.».tc.scluii'lf;C  r  S'  1 11  of  tin.  stCSj- 
linked  ivIvvyroncMiifonic  acid  type.  The  solutions  of  the 
acid  ishtamed  in  this  manner  can  he  neutralized  with  ant- 
mtmi  i.  ptirtM'y  ar.d  secondary  amines,  hydrazine  and  sub- 


drolysis  to  boric  acid.  The  values  for  moles  H2,  obtained 
per  male  [(CH3). NIjBjpU.j,  are  as  follows;  Calc'd, 
40.0;  found,  39.904  and  40.086. 


•timed  hyshu/ittes  to  obtain  compounds  of  Formula  1,  25  expressed 


EXAMPLE  C 

-V  SCitttLn  cf  f  fCll  3)  4'!  1 2*4,21 1  is  1I1  inctliaUOl-vvatei 
is  passed  through  a  column  packed  with  a  commercial 
acidic  ion-exchange  resin  of  the  polynry'sulfcnic  acid 
type.  The  eifiuent  is  a  solution  of  the  acid  H2B20H18,  or, 


general!,  in  solution.  I  Itese  solutions  can  be  concentrated 
under  reduced  pressure  to  obi  tin  the  compounds  of  For¬ 
mula  I  in  a  solid  crystalline  stale. 

I  he  products  of  the  invention  and  processes  for  obtain- 


hydronium  acid,  (H30)2B;oHI8.  The 


aqueous  solution  is  used  without  further  processing  to 
prepare  salts  of  the  acid. 

The  solid  acid  is  obtained  by  evaporating  the  aqueous 
solution,  prepared  as  described  above,  to  dryness  at  very 


ing  them  are  illustrated  in  the  following  examples.  The  30  low  pressure  (less  than  0.1  mm.  of  mercury).  The  acid, 


preparation  of  a  representative  compound  of  the  type 
.U'»  (Ii.:Hp)b.,  which  is  employed  r.s  a  principal  reactant, 
is  illustrated  in  Example  A  and  the  preparation  of  the  acid 
sA* 1  tlrt-ul  lb-  ll.,W,j  J  -Twix,  hi  H«tS- 


Ihetie  reactions,  is  illustrated  in  Examples  B  through  D.  35  analysis. 


which  forms  large  intensely  colored  yellow  crystals,  con¬ 
tains  6  moles  of  water  of  hydration,  of  which  2  moles 
arc  considered  to  be  associated  with  the  proton  cations. 
Thn  filler  illy  of  (Le-  wsjWtiwS  fa  by  tHemeMal 


EXAMPLE  A 


Analysis.— Cak'd  for  (H30)2B»KI8-4H20:  H,  9.36; 
B,  62. SO.  Found:  H,  8.91;  B.  63.65. 

(A)  Preparation  ot  lusfdimcihyl  sulfide  Joccaboranc  (12)  the  solid  yellow  crystals  of  the  hydrated  acid  obtained 

A  reaction  vessel  having  a  capacity  of  about  365  g.  of  above  are  very  hygroscopic.  They  dissolve  in  water  to 

water  is  charged  with  0.79  g.  of  decaboranc(14),  cooled  in  4(1  lorm  c  cr,r  so!utlons. 
liquid  nitrogen,  arid  then  evacuated  to  a  pressure  of  10  EXAMPLE  D 

tnierons  of  mercury.  Approximately  21  g.  of  dimethyl  sul¬ 
fide  is  condensed  onto  the  uccaboranc  in  the  reaction  A  portion  of  an  aqueous  solution  of  the  dibasic  acid, 
vessel.  Hie  reaction  vessel  is  closed,  allowed  to  warm  to  prepared  as  described  in  Example  C,  is  titrated  with  an 
room  temperature  and  stand  for  4  days.  During  this  time,  45  aqueous  solution  of  sodium  hydroxide  until  the  reaction 


EXAMPLE  D 


6.6  millimoles  of  hydrogen  is  evolved.  The  reaction  vessel 
is  opened  and  excess  dimethyl  sulfide  is  removed  by  dis¬ 
tillation,  leaving  a  practically  quantitative  yield  of  white 
solid  residue  of  ItR.II,j'2(CHj)2S.  The  compound  is  re- 
ciystallizcd  front  ethyl  acetate  and  it  melts  at  122-124°  C. 
The  compound  is  called  bis(dimethyl  sulfidcjdecaboranc 
(12). 

The  above  procedure  is  equally  operable  with  other 
organic  sulfides. 


(itj  Preparation  of  Si  3bI0l II0  (wncrc  M  is  MI/ 

Ristdimethyl  suifide jdccaoorane(  12)  (8.5  g.)  is  mixed 
with  50  ml.  of  liquid  ammonia  and  stirred  in  a  round- 
bottom  reaction  vessel  for  1  hour  with  the  vessel  being 


mixture  is  neutral  (pH=7),  The  resulting  aqueous  solu¬ 
tion  is  yellow  and  its  ultraviolet  spectrum  shows  absorp¬ 
tion  in  regions  which  are  characteristic  for  salts  of  the 
Ball,,  anion. 

The  yellow  solution  is  evaporated  to  dryness  under 
reduced  pressure  (less  than  I  mm.  of  Hg)  to  obtain 
crude  Ka:B2c.Hi3  as  a  tan-colored  solid.  The  compound 
is  purified  by  crystallization  from  methanol.  The  prod¬ 
uct  so  obtained  contains  water  of  crystallization. 

Na;jluHrt-3H.20t  B,  63.34;  H, 
7.07.  Found:  B.  68.21;  H,  7.25. 

The  compound  can,  if  desired,  be  obtained  free  of 
solvent  of  crystallization  by  heating  for  a  time  at  very 
low  pressure.  The  molecular  weight  of  the  compound 


cooled  to  a  temperature  of  about  —50°  C.  by  partial  im-  eg  Nn2320H,8.  determined  by  freezing  point  depression  in 


mersion  in  a  bath  of  a  mixture  of  solid  carbon  dioxide  and  aqueous  solution,  gives  the  following  values:  103,  99, 

acetone.  The  cooling  bath  is  then  removed  and  the  excess  89,  88,  i.c.,  an  average  mol.  wt.  of  95;  calc’d  value:  93.3. 

ammonia  is  allowed  to  evaporate  with  stirring.  The  re-  The  ultraviolet  spectrum  of  the  sodium,  salt  in  solu- 
mainir.g  traces  of  ammonia  arc  removed  by  subjecting  the  tion  in  acetonitrile  shows  major  absorption  maxima  at 
residue  to  a  high  vacuum  (0.01  mm.  of  mercury)  at  25°  C.  05  282  mu  and  233  mg. 

There  is  obtained  5.6  g.  of  solid  1  csidue  which  is  virtually  The  processes  of  Examples  B  through  D  illustrate 
a  quantitative  yield  of  (NH4)2Bi0Hio.  generic  methods  of  preparing  salts  and  Ihe  acid  of  the 

FXAMP1  F  B  anion.  Compounds  of  Formula  1  can  be  ob- 

L.AAMrLb  a  tained  directly  from  the  oxidation  process  by  employing 

A  reaction  vessel  is  charged  with  100  ml.  of  water  70  in  the  final  step  a  salt  which  has  the  cation  M  as  defined 


EXAMPLE  B 


and  1.46  g,  of  (NFf4)2B10HI0.  The  mixture  is  stirred 
and  a  solution  of  5.4  g.  of  Cc(NH4)2(N03)8  in  80  ml. 
of  water  is  added  gradually.  Evolution  of  gas  occurs  and 
a  deep  blue-violet  solution  forms.  A  concentrated  aqueous 


for  Formula  1.  To  illustrate,  in  Example  B,  NH4CI, 
CH3NH3CI,  CoH5NHjCI,  CsH/CH/NH.Cl,  and  the 
like  can  be  used  in  place  of  (CH3)4NC1  to  obtain 
(NH'hBnH,*  (CH,NH])1BaiH,i.  (QHjNHjhBjoH.,, 


IlAuL  a  (Cl l/l, 'NCI  U  added  to  the  reaction  mixture  70  t C/E/si H*CH  jJ sfLH ^  and  tlvc  like  ullt  dlTCUtly 


3.431.089 


7 

The  ncit!  of  Example  C  can.  of  course,  be  neutralized 
with  ammonium  hxJrnxide  or  with  any  primary  or  sec- 
or.iaiy  amine  to  cl-!r.in  compounds  cf  Formula  1,  This 
pieced  arc  is  iilu1  tr..:,-J  in  Examples  I  and  VI,  and  it  is 
;.I:o  >ilu'lr.-itol  for  an  alkali  metal  hydroxide  in  Example 
I)  to  obtain  u  metal  salt  for  further  rr.etathctic  reactions. 

EXAMPLE  I 

An  rujuet'iis  solution  of  HjR-cH;;,  prepared  as  described 
in  Example  C,  is  neutralized  with  an  aqueous  solution 
of  NllfOII  to  a  p!l  saiue  of  7.  The  solution,  which  is  1 
clear  yolow,  is  evaporated  to  dryness,  leaving 

(NU,):D10Hia 

r.s  a  pale  yellow  solid  residue.  The  identity  of  the  com-  ]g 
pound  is  ccn.'lrnv.-J  by  its  infrared  absorption  spectrum 
which  tlsows  bands  at  .I.OS/q  4.0 g  and  7.09 n  and 

also  in  the  ] 0—  1 5.*  region. 

An:)lv'h, — Calc'J  for  (N!I4):3;H18-  1/2H-0:  N, 
10.0c:  II,  •)  “t;  H,  77,40.  Found:  N,  10.09,  10.1S;  H,  9.55,  „» 
9.87:  it,  77.74,  77X0. 

The  process  of  Example  I  illustrates  the  preparation 
of  the  compounds  of  the  invention  by  neutralization  of 
the  „Jd,  tidl;  II  ?.  .  Lit  a  rltrogstt  bar®  The  grocers  is 
generic  for  the  prepatidion  of  compounds  of  Formula  1. 

To  illm-iraic,  a  elution  of  the  acid  UsBf0Hi3  is  neu¬ 
tralized  with  C.IInNHj  to  obtain  (CsHnNHj^BgiHii, 
with  CisMv.NMj  t.)  obtain  (CiiH3-:NH3)2B2aH|8,  with 
(CI!.),CM1;  toohtain  KCIIjIjCNHshBjoHu,  and  with 
HOCil-.Ol.CIIjNHi  to  obtain  30 

(HOCI!;CMsCHjNHj)sB»Hi, 

EXAMPLE  II 

A  quantity  fea.  1  ml.)  of  bopropylatnir.e  is  neutralized 
with  aqueous  dilute  hydrochloric  acid.  An  aqueous  solu-  35 
tlon  cci.t.iiniii-t  an  c 'Divalent  quantity  of  Ni^BjoIIu, 
prepared  as  dc'cribed  in  Example  D,  is  added  to  the 
solution  with  sti.rine  The  solution  is  cooled  with  stir¬ 
ring  and  a  iloeculent  precipitate  forms.  The  precipitate  is 
separated  arJ  dried  in  air  to  obtain  difisopropylam-  40 
rriMulU )  cendieahtfdroeicosnhorate^-).  The  identity 
of  the  compound  which  has  the  formula 

I(CH,),CHNH31*3«HU 

is  confirmed  by  its  infrared  absorption  spectrum.  45 

The  process  of  Example  II  illustrates  the  preparation 
of  compou  ids  of  Formula  1  where  M  is  derived  from  an 
aliphatic  primary  amine.  It  also  illustrates  the  process  in 
which  the  nitrogen  base  is  employed  in  the  form  of  a  salt 
wi:h  a  mineral  acid.  The  ptoccss  is  gencrically  applicable  50 
to  the  preparation  of  salts  of  this  type  by  a  simple  meta- 
thetic  reaction  employing  alkali  metal  salts  of  BjoHje. 

To  illustrate,  Na:n„H,s  is  reacted  with  the  hydrochlorides 
of  CHjNllj  lo  obtain  (CHjNHshBrc.His,  of  C4H»NHa  to 
obtain  (C1H4NH1)sBwHi„  of  CJ0HMNK2  to  obtain  06 
(Ci0H:sNHj)sB:;Hw,  of  CHsfCHj^CHCQJ^CHsNHa 
to  obtain  lCH3(Cll2)3CH(C-H5)CH2NH2NIl3]2Bj0Hi8, 
of  CijIIjjNHj  to  obtain  (ChHssNHsJjBjoHjj,  of 

CjH,NHj  80 

to  obtain  of  CisH35NH2  to  obtain 

(C,tM,sNII,)aB»H,„  of  C,0HalNHa  to  obtain 

(CIOH21NH3)aB2oHu 

05 

of  C,H„NHa  to  obtain  (C.HnNKayjBjaHj,,  of 
CsHjOCaH4NH, 

to  obtain  (CaH5OC;HtNH, )  :B;c>H,8 ,  of  HOCHaCHaNHa 
to  obtain  (HOCH-CH2NH3)sB2;:Hi8,  of  ClCHaCHaNHa  70 
to  obtain  (CICH-CKaNHjhBjoHjs.  of 

ClIjCH-OCHaCHNH* 

to  obtain  (CHjCHiOCIIiCHNHjJjBjjHi,.  and  with  the  75 


8 

hydrochloride  of  HOOC(CHa)jCH2NHa  to  obtain 

The  hydrochlorides  of  amino  acids,  e.g.,  glycine,  ala¬ 
nine,  tyrosine,  and  the  like  can  be  reacted  with  an  alkali 
metal  salt  of  B2oH18-J  to  obtain  salts  such  as 

(HOOCCHaNH3)aBaHI4, 
[H06cCH(CH3)NH3]aB2aHi3,  and 

[HOOCCH(CH2CoH4OH)NHj]2B2oH18. 

Hydrochlorides  of  diamines  can  be  employed  in  the 
process,  c.g.,  NaoB-oHjs  can  be  reacted  with  the  hydro¬ 
chlorides  of  1,2-diaminoethanc  to  yield 

(NIi2CH:CH2NH3)2B2;H.8. 

of  1,6-diaminohexune  to  yield  [NH2(CH2)eNH3]2B2oHi3, 
and  the  like. 

Salts  other  than  hydrochlorides  can  be  employed,  c.g., 
sulfate  and  phosphate  salts  of  amines  are  operable. 

EXAMPLE  III 

A  reaction  vessel  is  charged  with  about  1  ml.  of  aniline 
and  dilute  hydrochloric  acid  is  adJed  until  the  solution  is 
slightly  acid.  An  aqueous  solution  containing  approxi¬ 
mately  an  equivalent  quantity  of  prepared 

as  described  in  Example  D,  is  added  gradually  with 
stirring.  The  solution,  which  is  clear  at  this  point,  is 
cooled  and  stirred.  A  precipitate  forms  which  is  separated 
by  filtration  and  dried  in  air.  The  product  so  obtained 
is  (C6H5NH3)2B2cH13.  Its  identity  is  confirmed  by  its  in¬ 
frared  absorption  spectrum. 

Example  111  illustrates  the  preparation  of  compounds 
of  Formula  1  where  M  is  derived  from  an  aromatic  pri¬ 
mary  amine,  employing  a  simple  me’.atnetic  reaction.  It 
also  illustrates  the  process  employing  the  aromatic  amine 
in  the  form  of  a  salt  with  a  mineral  acid.  The  process  is 
generic  to  the  preparation  of  salts  of  this  type.  Any 
alkali  metal  or  alkaline  earth  metal  salt  of  can 

be  employed,  c.g.,  the  Li,  Nn,  K,  Rb,  Ca,  Ba,  Mg,  and 
like  salts.  To  illustrate,  Nn3B3oHi3  can  be  reacted  with 
the  hydrochlorides  of  C1C6H4NII2  to  obtain 

(C1C6H4NH3):B20H:> 

cf  BiC6H4NH2  to  obtain  (BrCtH|\Hj)*Bj;,Hi8,  cf 
FC6II4NH2  to  obtain  (FC6H4NH3):B:;HIE,  of  ClcII7NH2 
to  obtain  (Ci0H3NH3):B-.(|H18,  of  HOC,H4NH2  to  obtain 
(HOC6H4NH3)2B5(,Hls,  of  (C6H5)2NH  to  obtain 

[CeHs)aNHs]sBj0Hu 

of  CH3CcH4NH2  to  obtain  (CH3CeH4NHJ),!Bj0H1,,,  and 
of  Ci2H25CcH4NHa  to  obtain  (Cl:H;:QH4NH3):B.,0Hi8. 
Hydrochlorides  of  aralkylamincs  are  operable  and  can  be 
employed,  e.g.,  CgIIjCH-N^-HCI  and  Na-BjaHja  yield 
(CoHiCH-NIhljB^Hi,.  Hydrochlorides  of  aromatic 
amines  with  two  or  more  amine  groups  can  be  employed, 
c.g.,  Na:B:i)Hi3  reacts  with  the  hydrochlorides  of 
NH2C6H4NHa  to  yield  ( N H-CgHaNHj )  2B23H|g,  of  tri- 
aminobertzene  to  yield  [C6H3(NH3)j];(BMHis)3,  and  the 
like. 

The  process  is  operable  with  other  mineral  acid  salts 
of  aromatic  amines,  e.g.,  sulfate  and  phosphate  salts. 

EXAMPLE  IV 

A  reaction  vessel  is  charged  with  approximately  1  nil. 
of  dicyclohexyhmine.  Aqueous  dilute  hydrochloric  acid 
is  added  gradually  and  a  pale  yellow  solid  forms.  The 
solid  is  dissolved  in  hot  aqueous  metbaaol  and  an  aqueous 
solution  of  Na2B2(iHiC,  prepared  as  described  in  Example 
D,  is  added  with  stirring.  The  solution  is  cooled  to  about 
25*  C.  and  a  yellow  solid  precipitates.  The  solid  is  sepa¬ 
rated  and  dried  in  air  lo  obtain  tlsfdicyclohexylam- 
monium)octadecahydrocicosaborate(2~)  as  a  yellow 
crystalline  compound.  The  identity  of  the  compound, 
which  has  the  formula  r(Cf,HjtV,’H?1fB-.3Hu,  is  con¬ 
firmed  by  its  infrared  absorption  specaum. 
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Tlie  process  of  Example  IV  illustrates  the  preparation 
of  compounds  of  Formula  1  from  secondary  amines.  The 
process  is  gen.rieaily  applicable  to  the  preparation  of 
compounds  of  this  type.  To  illustrate,  an  alkali  metal  salt 


is  conveniently  handled  in  solu¬ 
tion  in  hydrazine  from  which  it  can  be  isolated,  if 
desired,  as  a  white  ctystalline  solid,  by  evaporation  of 
the  hydrazine.  Hydrazine  solutions  of  (NH-NH^BjqHi, 


of  Bj-Hu-2  will  react  with  the  hydrochlorides  of  -  containing  up  to  50%  or  more  by  weight  of  the  salt  are 
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CcHnNHCHj  to  obtain  (C6HuNHjCH3)2B2aH!i:,  of 
CH3NHC6Hn  to  obtain  (CH3NHnC8H17)2BMHiBl  of 
(C^HssljNH  to  obtain  [ ( C+H--,)  iNl+l  232.Hi2,  of 
(C3H7)2NH  to  obtain  [(C3H7)2NH2]2B2oH18,  of 

(C1CH2CH2)2NH 

to  obtain  [(CICH^H^-NH^B^Hn,  of  C6H5NHCH3 
to  obtain  (C6H5NH2CIf3)2B-3H18,  of  C10H7NHC2H5  to 
obtain  (C10H7NHaCIH5)2B!!0H,il  and  ot 

(HOCHfCHjJjNH 

to  obtain  [(HOCH2CH2)2NH2]2B20His. 

Amine  salts  of  other  mineral  acids,  as  described  for 
earlier  examples,  can  be  used  in  the  process  of  Example 

IV. 

EXAMPLE  V 


A  reaction  vessel  is  charged  with  approximately  1  nil.  the  dried  impregnated  string  and  it  burns  freel 

of  piperidine  and  dilute  hydrochloric  acid  is  added  until  vigorously  to  jieid  a  coherent  ash  which  in  siz 

the  solution  is  slightly  acid.  An  aqueous  sulution  of  shape  resembles  the  original  siring.  The  residual  si: 

1I2B2!)HIS)  prepared  as  described  in  Example  C,  is  added  25  is  of  sufficient  coherence  to  permit  embedding  in  pa 
gradually  to  the  piperitiinium  hydrochloride  solution  until  The  section  of  residue,  so  treated,  shows  a  resistai 

no  further  precipitation  of  a  solid  occurs.  The  precipi-  the  order  of  700,000  ohms./cm.  The  residue  from 

tate  is  separated  by  filtration  and  dried  in  air  to  obtain  trol  section  of  string  is  very  small  and  shapeless 

substantially  pure  dipiperidinium  octadecahydrocicosa-  cannot  be  handled. 


stable  compositions  having  a  high  boron  content. 

The  process  cf  Example  VI  illustrates  the  compounds 
of  Formula  1  where  M  is  derived  from  a  hydrazine.  The 
process  is  generic  to  compounds  of  this  type.  To  illus- 
20  trate,  the  acid  K2BkH:s  will  react  with  (CH3)2NNH2 
to  form  [(CH-):NNH3]2B20Hio,  with  C4H9NHNH2  to 
form  (C4HsKHNH3)JB20Hla,  and  with  C6K5NHNH2  to 
form 

The  invention  provides  a  broad  class  of  new  boron 
15  compounds  which  find  applications  in  many  fields. 

file  compounds  of  the  invention  are  useful  as  im¬ 
pregnating  agents  in  the  preparation  of  rcssitors.  To  illus¬ 
trate,  a  section  of  a  cotton  string  is  immersed  in  a  nearly 
saturated  solution  of  (NH4)2B2oH13  in  water.  The  string 
20  is  withdrawn  from  the  solution  and  the  solvent  is  re¬ 
moved  by  drying  in  air  air.  A  free  flame  is  applied  to 
the  dried  impregnated  string  and  it  burns  freely  and 
vigorously  to  jieid  a  coherent  ash  which  in  size  and 
shape  resembles  the  original  siring.  The  residual  skeleton 
25  is  of  sufficient  coherence  to  permit  embedding  in  paraffin. 
The  section  of  residue,  so  treated,  shows  a  resistance  on 
the  order  of  700,000  ohms./cm.  The  residue  from  a  con¬ 
trol  section  of  string  is  very  small  and  shapeless  and  it 
cannot  be  handled. 


borate  as  a  yellow  crystalline  solid.  The  identity  of  the  30  All  of  the  compounds  of  the  invention  are  useful  as 
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compound,  which  has  the  formula  (C5Hi<iNH2)2B20Hia,  components  of  fireworks  compositions  to  impart  a  pleas- 

is  confirmed  by  its  infrared  absorption  spectrum.  ing  color  and  sparkle  to  the  display,  e.g.,  (NH4)2B20Hia, 

The  process  of  Example  V  illustrates  the  compounds  (CcH5NH3)2B^,H;n,  and  like  salts,  such  as  the  dieyclo- 

of  the  invention  where  M  is  a  heterocyclic  amine.  The  hexyl-ammonium  and  piperidinium  salts,  can  be  used  in 

process  is  generic  to  compounds  of  this  type.  10  i!lus-  35  sueh  compositions. 

trate,  the  acid  HjILjHu  will  react  with  the  hydrochlorides  The  compounds  of  the  invention  are  useful  as  com- 
^ _ P°nents  for  Mih  energy  fuels.  Solutions  of  the  hydrazine 


trate,  the  acid  H2B:aHiS  will  react  with  the  hydrochlorides 
of  morpholine  to  form  (CH2CII2OCH2CH2NH2)2B2aHi8i 
of  NHCH2CH2NHCH2CH2  to  yield 

(NH2CH2CH2NH2CH3CH3)n2oH„ 
and  cf  CH2CH2NHCH2CH2  to  yield 

(Cl  I2CH2NH2CH,CH2)  2B2QHia. 


EXAMPLE  VI 


About  0.5  g.  of  the  crystalline  acid,  dihydrogen  oct3- 
decab.ydroeico3aborate(2-)  containing  5-6  moles  of  60 
water  of  hydration  (prepared  as  described  in  Example 
C)  is  mixed  with  sufficient  hydrazine  (95%+  purity) 
to  form  a  solution  of  (NH2NH3)2Bj0Hi8  in  hydrazine. 
The  solution  is  yellow  in  color. 

The  dihydrazinium  octadccahydroeicosaborate(2“)  55 
can  be  used  in  hydrazine  solution  or  it  can  be  isolated 
by  careful  evaporation  of  the  solution  at  low  tempera¬ 
tures  (about  30°  C.  or  less)  under  reduced  pressure  to 
form  a  crystalline,  hygroscopic  solid. 

The  dihydrazinium  salt  dissolves  readily  in  hydrazine  60 


salts  in  a  hydrazine,  as  well  ns  solutions  of  other  salts  of 
Formula  1  in  a  hydrazine,  are  useful  as  propellant  fuels, 
4n  either  alone  cr  in  combination  with  an  oxidant. 

As  many  apparently  widely  different  embodiments  of 
this  invention  may  be  made  without  departing  from  the 
spirit  and  scope  thereof,  it  is  to  be  understood  that  this 
invention  is  not  limited  to  the  specific  embodiments 
45  thereof  except  as  defined  in  the  appended  claims. 

The  embodiments  of  the  invention  in  which  an  exclu¬ 
sive  property  or  privilege  is  claimed  are  defined  as 
follows: 

1.  A  compound  of  the  formula 


M.(BMH1#)b 

wherein  a  and  b  are  the  smallest  positive  whole  numbers 
which  satisfy  the  equation 


c -valence  of  M 
1  2 


to  form  solutions  which  contain  a  high  concentration  of 
the  B20H,8_j  anion.  The  solutions,  preferably,  are  main¬ 
tained  at  room  temperature  (ca.  25°  C.)  or  lower.  When 
the  solutions  are  warmed,  bubbles  form  and  a  gas  is 
released. 

The  mixture  now  at  this  stags  is  a  solution  of 


and  M  is  a  cation  selected  from  the  class  consisting  of 

NH4+,  RNH3+,  R2NH2+  NHjNIV,  R'NHNHj+, 
R'NKNR'IV,  and  R'2NNH,+, 


(NH2NH3)4B30H1I 

in  hydrazine. 

The  solution  is  diluted  with  water  and  an  aqueous  70 
solution  of  TINOj  is  added.  The  precipitate  which  forms 
is  separated  and  dried  in  air  to  yield  TUB^Hu  as  a 
hydrate.  The  compound  is  a  white  crystalline  product 
whose  identity  is  confirmed  by  its  infrared  absorption 


spectrum. 


wherein  R  and  R'  are  monovalent  organic  groups  of 
up  18  carbons  bonded  to  the  nitrogen  through  carbon. 

2.  A  compound  of  claim  1  in  the  hydratea  rorm. 

3.  A  compound  of  claim  l  wherein  R..  taken  sepa¬ 
rately,  is  a  group  of  up  to  18  '•arbon  atoms  and  is 
selected  from  the  class  consisting  of 

alkyl,  cycloalkyl,  alkenyl,  cycloalkenv!,  aryl,  aralkyl, 
and  alkaryl,  wherein  any  substituents  on  the  above 
hydrocarbyl  radicals  arc  selected  from  the  class 
consisting  of 

hydrogen,  halogen,  cyano,  hydroxyl,  and  amine, 

and,  taken  together,  forms  a  heterocyclic  group  with 
nitrogen,  and  R'  is  a  group  of  up  to  8  carbon  atoms 
selected  from  .'ue  class  consisting  ol  aikyt  and  aryl. 


_ _ _ _  - -  .  ..  . . 
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4.  (NH4)2B20H,,.  . 

5.  A  compound  of  claim  4  in  the  hydrated  form. 

6.  [(CH3)5CilNH3]3BaoHiS. 

7.  A  compound  of  claim  6  iu  the  hydrated  form. 

8.  (C6H5NH3)2B2aHi8. 

9.  A  compound  of  claim  8  in  the  hydrated  form. 

JO.  (NHjNHjJjBjoH,,. 

11.  A  compound  of  claim  10  in  the  hydrated  form. 
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Ar.3TE.VCT  CF  THE  DISCLOSURE 
The  .-ciJ  Htll.-pljj  and  '.’.its  thereof  can  b?  prepared 
ty  oxidizing  a  .Icceit;  Jrodec.abornte  (2~)  compound, 
and  reducing  the  product.  Cations  can  be  exchanged  by 
r.stnthc'.ie.il  reretton.  A  hydroxyl  group,  a  hydrocar- 
t>!o\y  eraitp  or  an  amino  group  can  be  Introduced  by 
leading  i!;;H:,  1  avo.is  with  the  appropriate  base  prior 
to  reduction,  'he  compounds  have  many  ures  such  as 
live  manufacture  of  tesittivs  elements  or  can  be  used  in 
the  manufacture  of  fireworks. 


DHSCniP'f/ON  OFT  HE  INVENTION 

This  invention  iclalcs  to  new  compounds  containing 
boron  and  to  methods  for  preparing  the  compounds. 

This  application  is  a  continuation-in-part  cf  ray  cc- 
pemling  uppii.Tutnn,  U.S.  Scr.  No.  199,571,  filed  May  31,  30 
1962,  r.cvv  abandoned. 

norcn  compounds,  principa  lly  salts  of  boric  acid,  have 
been  in  c'.'tu.'u.Td.il  '.tie  for  many  year'.  Recently  other 
boron  comp.vjr.cf,  c.c.,  low  molecular  -v tight  boron  hy- 
drid.-v,  have  achieved  technical  importance  in  applica.tions  33 
c;ttp!-<>irij  ov-fi/ins  and  reducing  agents.  There  are  mauy 
potential  applications,  however,  ior  which  the  available 
heron  compounds  are  unsuited  because  of  hydrolytic, 
oxidative  or  ether  types  of  instability.  To  illustrate,  di-  oans  ot  tne  aent  anion,  i.c.,  salts  ot  UtBac 
borare,  chlorodiborar.e,  pcntaborane(9)  and  trialkyl-  40  ™0fC  simply  (BrjHis-nXn)-  ,  fall  within, 
boron  compounds  .arc  spontaneously  flammable  in  air.  Formula  1  and  they  can  be  represented  as 
Dibcrar.e,  pert.tborare(l)),  chlorodiborar.e,  boron  tri¬ 
chloride,  iedodoculorancf  14 ),  and  most  other  boron 
halides  arc  h>  Jrnlypsd  rapidly  in  water  or  alcohol.  Even 
the  most  liable  known  borohydtide,  i.e.,  decaborane(14),  45 
is  hydroiy.ed  at  a  moderate  rate  in  water.  Known  ionic 
borohydriucs,  e  g.,  teiiahydroborates  (NaBH^,  and  the 
like),  arc  hydrolyzed  at  ~  rapid  rate  at  !00°  C. 

A  class  of  boron  compounds  has  now  been  obtained 
which  show  pood  hydrolytic  and  oxidative  stability.  50 

The  novel  compounds  of  the  invention  are  the  acid, 
suits  of  the  acid  and  derivatives  of  either 
wherein  one  of  the  hydrogens  bonded  to  boron  in  the 
Bj-.llu”4  anion  is  replaced  by  a  suostituent  which  can 
be  hydroxyl  (—OH),  hydrocarbylozy  ( — OR,  whete  R  55 
is  preferably  an  aiiphatically  satuiated  hydrocarbyl 
group),  or  amino  ( — NH,). 

The  acid,  H;Br,Hu.  and  the  acids  of  its  substituted 
derivatives  are  tctrnbasic  acids  in  which  the  ionixa'.ion 


Thus  it  is  seen  the ■.  when  all  four  acidic  hydrogens  of 
H<B20Hi5  arc  replaced  by  cations,  neutral  salts  are  formed. 

1  This  usually  occurs  in  the  presence  of  a  strong  base.  On 

;r  <0  E.  I.  ii-ie  other  hand,  when  a  we:  k  base  is  used,  only  the  three 

gton,  Del.,  strongly  acidic  hydrogcas  are  replaced  and  the  salt 

,,„r  ..  formed  is  nn.t.cid  aaii  wherein  the  acid  anion  has  the 
t*!)  1963*  *orm,lla  ■<HxiJ-'llI1J-4)-3  or  alternatively  and  more 

’ ' 1  ’  simply,  BWH:,-3.  Thus,  salts  of  the  acid  anion  can  be 

viewed  ns  sal  s  of  a  tribaaic  anion  or  as  acid  salts  of  a 
16  Claims  io  tetmbefic  anion. 

.  Botli  neutral  and  acid  salts  of  HsBjoHjg  and  the  sub¬ 

stitution  products  based  thereon  as  defined  earlier  are 
E  included  within  the  scope  of  this  invention. 

’  a  re  pared  The  novel  ptoducts  of  the  invention  may  be  further 

:oi  tpound  15  defined  as  c  tnpounds  of  the  formula 

hanged  by  Ma(BMH,a_nXn)b  (1) 

oducedfb'v  5nd  hydrale'  Fnercof,  where  M  is  a  cation,  i.e.,  an  atom 
.  .  or  group  of  .  toms  which,  in  aqueous  solution,  can  form 

v  on  one  or  mor ;  positively  charged  ions  having  a  valence 
r  1  ,  -  ~  of  !  vtt  Uiur:.;  X  fe  >*At  Ok  (where  A  »  i  teMo* 
0  valent  hydrocarbyl  group  or  radical),  or  — NH-;  «  is  a 

cardinal  number  c.-  up  to  1,  i.e.,  0-1,  inclusive;  a  and  b 
arc  the  smallest  whole  numbers  which  satisfy  the  equa- 
...  er,  lion: 


,  ax  valence  of  M 

5,-* - - -  (2. 

The  divisor,  i.e.,  d,  represents  the  valence  cf  the  aaion. 

Acids  of  the  ttmon  of  Formula  1  are  represented  ge- 
ncrically  by  the  formula  HtBaoNu-n^n.  wherein,  as  de¬ 
scribed  earlier,  three  of  the  ioniaabie  hydrogens  are 
strongly  acidic  and  the  fourth  is  weakly  acidic.  Alterna¬ 
tively,  acids  of  the  anions  of  Formula  1  may  be  repre¬ 
sent  as  K3(HxJ3«Hls_nXa-<),  H,(HB„II18_0Xn)  or 
more  simply  as  H3D2-H;?_nXn).  Again,  it  will  be  under¬ 
stood  jhat  the  formula  H4B:(jHia_nXn)  includes  the  al¬ 
ternatives  in  the  pro',  ions  sentence. 

Salts  of  the  acid  anion,  i.c.,  salts  of  (H3;xH;a_aXa)3  or 
more  simply  (B2iHla_nXn)-3,  fall  within. the  scope  of 
Formula  1  and  they  can  be  represented  as  a  subgeneris 
group  by  the  formula: 

Ma.(HB£tH13_nX„)b.  (la) 

which  can  also  be  written  conveniently  as 

MaBaJWWy  (lb) 

where  M,  X  and  n  arc  defined  as  in  Formula  1,  and  ct 
and  V  are  defined  as  the  smallest  whole  numbers  which 
satisfy  the  equation: 

a'x  valence  of  M 

j,  = - r - 


wnerem  one  of  the  hydrogens  bonccu  to  boron  in  the  The  div.vsor,  i.c.,  3,  represents  the  valence  of  the  acid 

Bj-.Uir*  anion  is  replaced  by  a  suostituent  which  can  an;0n  (I-’Bo0Hlt_nXn  or  B.aH„_nXa). 

be  hydroxyl  (—OH),  hydrocnrbylo>y  (—OR,  whete  R  55  Jn  an  .‘specially  preferred  fcim  of  the  invention  the 
is  preferably _  an  aiiphatically  satuiated  hydrocarbyl  group  X  in  the  above  formulas  is  -OH  or  —OR,  where 
group),  or  ammo  ( — NHj).  _  _  R  is  au  alipbiuicaliy  saturated  hydrocarbyl  group  of  up 

The  acid,  H;Bi-,Hjj.  and  the  acids  of  its  substituted  to  12  ca'bons  (i.e.,  R  is  free  of  oiefinic  and  acetylenic 

derivatives  are  tetrabasic  acids  in  which  the  ionization  bon  is;  in  other  words,  free  of  aliphatic  unsaturation,  but 

constants  for  three  of  the  acidic  hydrogens  arc  high  and  00  can  contain  aromatic  unsatur3tion);  and  n  is  a  cardinal 
are  ,n  the  c.ass  of  strong  mineral  acids;  while  the  ionize-  inirm  er  of  up  to  1,  i.e.,  0-1,  inclusive.  R,  it  is  seen,  covers 

tion  constant  of  the  fourth  hydrogen  is  low  and  ap-  ,-Jkyl.  cycloalkyl,  aryl,  and  aralkyl  group?, 

preaches  the  value  fo:  organic  acids.  Because  the  ionra-  Compounds  of  Formulas  1  and  la  which  are  free  of 
tion  constant  of  l::e  fuvrth  acidic  hydrogen  is  low,  the  x  groups  (n—0)  form  an  imnortarit  subgeneri.-  group 
formula  H.H;aHu  i.v-v  be  written  as  H3(HTB25H]j~*)  or  05  which  is  represented  by  the  following  formula: 
alternatively  as  HjOi.’.jjHn)-3  or  more  simply 

(3) 

where  M,  a  and  b  are  defined  as  in  Formula  1.  Alterna- 
Ail  of  these  alterra’ ve  formulas  denote  the  compound  lively,  a  and  b  can  be  defined  as  the  smallest  whole  mun- 
of  the  invention  havi-g  tne  formula  and  it  will  7 0  bers  which  satiafy  the  equation: 

be  understood  that  said  formula  HtB20H;4  used  herein  is 

'o  •> field  46=!ir:  valence  of  M  14) 


1$ 


3,446,601 


The  compounds  of  formula  3,  of  courcc,  Include  acid 
vails  t  :  .be  H.  i . , a-*  ai.ioa  an  described  for  Die  com¬ 
pounds  generic  Formula  I.  The  acid  kalis  of  the  un- 
t-jbtritu'.ed  rr.;.m  can  be  viewed,  as  described  earlier, 
as  sails  of  (Hi!;,!!,, )-■>  or  (Hj.Ilss)-1.  This  subgeneric 
group  of  compounds  is  represented  by  the  formula: 

M*-Cin:6H„)b*  (3c)  or  hf».(nroH„)b.  (3b) 

where  Nt  is  defined  as  in  I-orimtla  1  and  u  and  b  are 
de  'rcd  as  in  Formula  2<i.  Alternatively,  u’  ar.d  b ’  can 
he  defined  as  ;he  smallest  w-SclC.  numbers  which  satisfy 
the  equation: 

3 b'--.a'x  valence  of  M  (•'■*) 


10 


The  corrpo  ir.ds 
da'lon  or 
these  nrc: 

•  i  ..r.l  e : 
ntes-,:-' 
of  oe:  c 
nnl.m).  Ce" 

>v’> 

trorq  wro 
metal  *  , 

ovde,  tic  ), 
fully  in  ._::r 
■*  c  v: 


,  .  . .  of  she  invention  are  obtained  by  oxi- 

r eduction  processes  or  by  combinations  of 
:%ies.  Cnsiib'titu'.ed  compounds  of  Formulas 
obtained  by  oxidation  decahydrodccabo- 
(s  .lti  of  the  auicn)  or  by  reduction 

b\dro:i.vsd’or’a\".-(2-)  fsalt  of  the  BeoHta-2 
-poinds  bearing  X  v.ib't'tuents  are  obtained 
'ot  ,  etadec.i!.ydroeiconborates-(2-)  wi’h 
bases  .NaOll.  N.:NH;.  etc.)  or  with 
lulls  or  phenols  (h'a  ethoxide,  K  nnen- 


Thc  group  M  cart  be  a  combination  of  a  metal  and 
ammonia  or  a  metal  and  an  amine,  i.e.,  a  Werner-type 
coordination  complex  referred  to  as  a  meial-ammine 
group.  To  illustrate,  M  can  be  [Ni(NH3)e]+s, 

[Zn(NH3)4]+2,  [Co(NH:C:H4NH3)3]+3 

[NKpyridyDs]-*2,  [Co(NH3)c]+3,  [Cu(NHs)4]+»,  and 
the  like.  The  group  can  be  a  metal  with  water  of  hydra¬ 
tion,  e.g.,  [Cu(H2OcT3,  LNi(H:0)s]+»,  and  the  like. 

T  ne  group  M  can  be  an  M-subsiiiu,c<i  airunOrTlGm 
radical,  an  S-subsrttuted  suifoniura  group  and  a  P-sub- 
stituted  phosohonium  grcua,  having  the  formulas 
R'MH3+,  R'2NH2+,  R,3NH*,‘R'«N+,  R'3s+,  and  R'«P+. 
R'  represents  an  organic  group  bonded  to  the  nitrogen, 
15  sulfur  or  phosphorus.  The  R'  groups  are  not  critical 
features  of  these  cation  groups:  thus,  R'  can  be  an  open- 
chain,  closed-chain,  saturated  or  unsaturated  hydrocarbon 
or  substituted  hydrocarbon  group.  R'  can  be  an  aliphatic, 
cycloaliphatic,  aromatic  or  heterocyclic  ring  of  which 
20  the  nitrogen,  sulfur  or  phosphorus  atom  is  a  component 
part.  Thus,  when  M  is  a  substituted  ammonium  group, 
R'  can  be  derived  from  pyridine,  quinoline,  morpholine, 
hcxaraeiliylcneimine,  art  the  like.  Preferably  R',  for 
reasons  of  availability  of  reactants,  contains  at  most  18 


nr. i  graphs, 
oiirds  of  the 


1:11.0,1s  of  preparation  will  be  described  2j  carbon  atoms.  For  example,  R'  can  be  alkyl,  alkenyl, 

cycloalkyl,  cycloalkenyl,  aiyl,  aralkyl,  alkaryl,  and  the 
like.  To  illustrate  specifically,  R'  can  be  methyl, 
2-elhylbexyl,  octadccyl,  ally!,  cyclohexyl,  cyclohcxenyl, 
phenyl,  napthyl,  anthryl,  cyclohexylphenyl,  tolyl,  xylyl, 
dipheuylyl,  benzyl,  chloroeihyl,  u-cyanoamyl,  p-hydroxy- 
eihvl,  p-hydroxyphenyl,  and  the  like. 

The  group  M  can  be  an  N-subititutcd  hydrazonium 
(also  called  liydrazinium)  radical  having  the  formula 
(R'NHNKS)+,  (R'aNNHj)+,  and  the  like,  wherein  R' 


invention  arc  composed  of  two 
pri;;:ip  *i  co-epmi  r.ts  which  are  represented  by  M  and 
by  the  pohh.-ste  anion  which  in  generic  Formula  1  is 
|i<  *.  I  lie  component  M  and  the  polyborate 

..nio-t,  in  it;  generic  \r.J  . tbgcncr'C  forms,  will  be  dis- 
cu  ted  separa'cly  in  the  following  paragraphs. 

Till:  GROUP  M 


Vh:  r-o-.'p  represented  by  M  is  a  cation  which  can  be  35  :he  sza,c  definition  as  given  in  the  preceding  para- 

To  illustrate,  the  hyJrazonium  cation  can  be  <lc- 
from  phenylhvdrazine.  methylhydrazine,  1,1-di- 


nc  npeve  1  ,f  rne  or  nor:  than  otto  element  and  which 
is  icnicaily  -ended  to  tl,o  1  cron-containing  group.  The 
.uoup  r.v'v.  ntc.i  by  M  bear  one  or  more  positive  ionic 
t ha t  :.?>!  •  vey  have  in  common  the  property  of  fortn- 
i-.g  p-.'.itlvel'  charged  groups  or  cations  in  water.  The  40 
sol:  function  of  the  group  M  is  to  provide  a  component 
with  the  rtcrei'cry  poritive  charges  which  will  combine 
with  the  r.-Ttively  charged  for  ionic)  borer  ccnlaining 
r roup  in  vereric  Formula  1  and  thus  permit  isolation 
of  the  novel  ar.ion  in  the  form  of  a  compound. The  prop¬ 
el  fics  of  the  gtoup  M  are  not  critical  and  the  group, 
therefore,  represents  a  broad  range  of  elements  or  com- 
bin.’.!:o::s  <t  elements.  To  illustrate,  M  ean  be  hydrogen, 
which  in  aqrenus  roijtion  forms  a  hydronium  ion 
(11,0  +  1.  a  •retr.l,  r.mmonium  (NH.t+),  hydrazonium  00 
(Mf;NHi‘)  tnl-.o  called  hydraz.inium),  N-substitutad 
ammonium.  N-subM  Ruled  hydrazinium,  aryldiazonium 
(ArNTJ,  t'-lfortium,  phrv.phonium,  metai-ammine,  and 
the  like. 

Tbc  grou  v  M  can  he  derived  from  anv  racial.  The  5., 
met  ils  arm- ding  to  the  Periodic  Table  in  Demir.g’s  “Gen¬ 
eral  Chen-!', tty,”  5th  cd.,  chap.  II,  John  Whey  &  Sons 


tne.,  ar.J  in  Ranges 


graph. 

rived  from  phenylhy  .  . 

mcthyliiydrazine,  1,2-dimetitylhydrazinc,  ethylhydrazine, 
1,1-diethylhydrazine,  and  similar  compounds. 

The  group  M  can  yield  one  cation  or  more  than  one 
cation  in  aqueous  solution,  i.e.,  M  can  be  a  combination 
of  cation- forming  components.  To  illustrate,  M  can  be 
composed  of  cations  derived  from  sodium  and  potas¬ 
sium,  cesium  and  ammonium,  trimethylsulfonium  and 
43  hydrogen,  tetramethylammonium,  ammonium  and  hy¬ 
drogen  (hydronium),  and  the  like.  For  mixed  cations  in 
which  one  of  the  cations  is  hydrogen,  the  compound  is 
viewed,  as  described  earlier,  as  a  salt  of  the  acid  anion 
of  Formula  3. 

The  cations  “hydrogen”  and  “hydronium"  are  used 
herein  as  described  on  page  26  of  “Nomenclature  of 
Inorganic  Chemistry — International  Union  of  Pure  and 
Applied  Chemistry,”  published  by  Butterworth's  Scien¬ 
tific  Publications  (1957). 

.Che  valence  of  the  cation  M  will  be  between  1  and 
4,  i.e.,  M  can  have  a  valence  of  1,  2,  3,  or  4.  In  most 
cases  the  valence  of  M  will  be  1,  2,  or  3.  The  group  of 
compounds  in  which  the  valence  of  M  is  at  most  3,  are 
readily  preparable  and  so  form  a  preferred  group  of 


_ ...  _ _  Handbook  of  Cneriiislry,”  9th  ed., 

pp.  5 6-57,  Handbook  Publishers,  Inc.  (1956)  are  the  „  .  . 

clemer.’s  of  Groups  I,  II,  VIII,  III— B,  IV-B,  V-R,  VI-i3,  0g  compounds  of  this  invention. 

VH-P.  a-Kl  the  elements  of  Groups  HI-A,  IV-A.  V-A,  GROUP  (B-oH.g.nXn)-’1 

and  VI-A  which  have  atomic  numbers  above  5,  14,  33, 

and  52,  respectively.  The  metals  can  be  light  or  heavy  The  novel  and  characterizing  feature  of  the  compounds 
metals.' To  'illustrate,  M  can  be  lithium,  sodium,  potas-  of  the  invention  is  the  polyhydrcpolyborate  group 
sium,  cerium,  beryllium,  barium,  lanthanum,  manganese,  05  (BMH:s.nX0)  A  The  group  is  represented  generically  as 
iron,  con!:,  copper,  zme,  mercury,  aluminum,  thallium, 


tin,  lead,  silver,  or  any  other  metal.  Preferred  mcla'.s 
are  those  whose  valences  are  1-3,  inclusive. 

An  especially  preferred  group  of  metals  from  which 
M  can  be  derived  consists  of  demerits  of  Groups  I-A, 
ll-A,  1-3  and  1 1-3  having  atomic  numbers  up  to  and 
Including  SO.  Most  prefer 'ed  metals  are  the  alkali  and 
alkaline  earth  metals,  i.e.,  lithiam,  sodium,  potassium, 
rubidium,  cerium,  beryllium,  magnesium,  calcium,  stron¬ 
tium,  and  barium. 


70 


75 


having  a  negative  ionic  charge  of  4  and  in  the  presence 
of  a  strong  base  it  behaves  as  a  tetravalent  anion.  In  the 
presence  of  a  weak  base  or  in  neutral  solution  the  anion 
is  associated  with  a  weakly  acidic  ionizable  hydrogen  to 
form  an  acid  ar.ion  which  can  be  viewed  as  having  the 
formula  (H+(Bn0Hlt.nXn)'<)  and  is  -written  simply  as 
(BMH!8.nXn)-». 

The  anionic  group  can  be  ur.snbstituted  cr  it  can  bear 
one  substituent  designated  as  X.  The  substituent  can  be, 
as  defined  earlier,  — OH,  — NR-,  or  — OR.  the  sutstilu- 


ent  is  bonded  to  a  boron  atom  of  the  B29  unit  and  re¬ 
places  a  hydrogen  atom  bonded  previously  to  the  boron. 

The  anionic  group,  whether  substituted  or  unsubsti- 
tuted,  or  in  neutral  or  acidic  form,  is  exceptionally  stable. 
The  group  is  not  easily  decomposed  by  hydrolysis,  oxi-  5 
dation  or  reduction  ar.d  it  is  resistant  to  thermal  decom¬ 
position.  The  group  is  unchanged  in  simple  metalhetic 
reactions,  a  property  which  permits  the  preparation  of 
*  broad  range  of  neutral  and  acidic  salts  in  which  the 
cation  is  represented  by  M. 

CHARACTERISTICS  OF  THE  COMPOUNDS 

The  compounds  are  geneially  crystalline  solids  with 
the  high-melting  points  which  are  characteristic  of  salts. 
They  are  stable  under  conventional  storage  conditions 
ar.d  can  be  kept  for  prolonged  periods  without  decom¬ 
position. 

The  compounds  of  the  neutral  and  acid  anions,  SmHis-4 
and  (H+B,)H15-')-3  or  BeoH^— 3.  and  their  substituted 
derivatives,  in  which  the  cation  M  contributes  no  color 
are  usually  white  or  colorless.  The  salts  are  appreciably 
soluble  in  water  and  hydroxylatcd  solvents.  In  view  of 
this  property,  the  salts  are  readily  separated  from  the 
less  soluble  salts  of  the  divalent  r.r.ion  B20Ht5-:l  or  its 
substituted  derivatives,  which  may  be  present.  The  com¬ 
pounds  of  the  invention  are  insoluble  in  oxygenated  or¬ 
ganic  solvents  such  as  acetone,  ether,  dimothylformamide, 
ar.d  the  like. 

Compounds  of  the  unsubstituted  tetravalent  anion,  i.e., 
BjoHiu"4,  show  characteristic  and  identifying  absorption 
bands  in  the  infrared  spectrum  at  approximately  the 
following  wavelengths  (expressed  as  microns):  4.1,  very 
strong;  9.0,  medium;  9.S,  strong;  and  12.6,  very  weak. 
Shifts  in  the  characteristic  bands  can  occur  in  view  of 
the  possible  effect  of  the  cation  in  the  compounds. 

Compounds  ot  the  unsubstituted  acid  anion  show 
characteristic  and  identifying  absorption  bands  in  the 
infrared  absorption  spjctrum  at  approximately  the  fol¬ 
lowing  wavelengths  (expressed  as  microns);  4.0,  strong; 
5.4,  medium;  and  10.0,  strong. 

The  properties  of  the  acid  salts,  i.e.,  compounds  of 
Formulas  Ir.  and  3<7,  resemble  closely  the  properties  of 
the  neutral  salts.  Salts  of  the  acid  anion  (HBwHi3-:  or 
BioHia-3)  can  be  isolated  readily  in  anhydrous  torn:, 
i.e.,  free  of  solvent  of  crystallization.  Sails  of  the  neutral 
tetravalent  anion  (BaHin-4)  are  isolated  most  conven¬ 
iently  with  solvent  ot  crystallization.  The  salts  of  the  acid 
anion  may,  therefore,  be  employed  with  advantage  in 
fields  where  the  presence  of  water  or  hydroxylated  sol¬ 
vents  is  undesirable. 

The  acids  of  the-  anions  of  Formula  1  are  readily 
soluble  in  water  and  their  aqueous  solutions  are  stable. 
The  acids  arc  conveniently  handled  in  aqueous  solutions 
and  these  solutions  form  a  part  of  this  invention.  In  the 
case  of  the  acid  derived  from  the  anion  bearing  an  — NHj 
substituent,  one  of  the  acidic  protons  can  be  associated 
firmly  with  the  — NH2  group,  e.g.,  the  acid  derived  from 
(B-iHnNHj)-4  may  behave  in  aqueous  solution  in  the 
presence  of  a  weak  base  as  an  acid  having  the  anion 

(b20h„-nh3'-3. 

the  fdMtwtog  WKBffptes  tfiVfr'i  «v*n* 

pounds  of  the  invention; 

LqBjoHn 
K4B29H18 

MgsB-oHj® 

CstBjoHu 
Sr2B2aH18 

Ag^^Hu 
lMn(H30)e]2B29Hl8 
[Fe(H20)6ls(B2oHi,) 

(Co(HsU)6t2VH2oHi,) 

[NKHjOhWB^H,,) 

HgjBjiHn 
Pb2BjoH18 


(NH:Nf:.1)4B22H13 

[(CII^NNHj^BaH,, 

(CcH5NHNH2)1BwH;» 

(NH4)4B;sH18 

(CH,NHj),B20H„ 

(CSH5NH3)4B20H18 

[(C5H„)2NH2]4BaH18 

(C3H7NH3)4P>,HI8 

(ChIIbHHiWW!,* 

(NHsCH2CHjNH3)2B2oHi1 

[CN(CHi)*NH,l4BaHM 

(CH,CH..OCH:aT2NH,)4B2DH18 

(CK'.CH2OCH2CHjNH2)4B20H18 

(C3HsNH)«BsH„ 

[(C.H4N).H]<BmHi( 

l  (CH3)3S)4B20Hi8 

((C4Hs)3S34B2cH;8 

[(CH3)*P]4B23Hi8 

[(C4H9)4P]4B25H38 

[Zn(NH3)4]2B2ClH18 

[CoiNHj)e]2B2jH13,  and  the  like.  Representative  salts 
of  the  acid  anion  are  NajB^Hu,  Ca3(2;4l.9)2  [written 
also  as  Oa2 v HB29H;9)2) 

(NH4)2BMH;8 

Eu(HaO)6BMH19 

(C,II5NH3)3BMH!9 

fCr.HsNHljBj-H., 

(NH2CH2CH2NHi)3(BsaHi9)a 

AKHjOeBsoH,, 

NujCsBjoHij 

Co(NH2)cB2oHis 

(HOCH2CH5NH3)3B20HI8,  and  the  like. 

Compounds  bearing  hydroxyl  substituents  arc  repre¬ 
sented  generically  by  the  formulas  Mi!3:3Hi7OH)b  (5) 
or  M»-(B2jHieCH)b'  (5a)  where  M,  a,  k,  a'  and  b'  are 
defined  as  in  formulas  (1)  and  (In).  Representative  exam¬ 
ples  of  hydroxyl-substituted  compounds  are  as  follows: 

Na4B20HnOH 

K^Bj-HnOH 

Cs,B;oH„OH 

(NH4)4B30H17OH 

(iso-C3H7NHj)4B2,Hl,OH 

t  (C2H5)4N  ^BaHnOH 

(quinolinium)4B;--.Hi7OH 

l(C2H5)3S]4BKH!7OH 

f(CH3)3PCH2CH2P(CH2)3l2B20H17OH 

Mg2BI0H17OH 

[Co(H20)314(32£iH17OH)j 

Li3B29Hi8OH 

Ca3(B:t,H15OH)2 

Ba3(320HISOH)2 

Hg3(B20HiaCH)2 

(NH4),B20H,sOH 

(C,6H37NH3)3BmH16OH 

(CcH5NH3);R30HI6OH,  and  the  like 

Compounds  bearing  hyd'oearbyloxy  substituents  are 
represented  genetically  by  the  formulas 
Ma(B2„HnOR)h  (6)  or  M».(B2oH:iOR)b'  (6a)  where 
M,  n,  b ,  a'  and  b’  are  defined  as  in  Formulas  1  and  la. 
Representative  examples  of  hydrocarbyloxy-subslituted 
compounds  are  as  follows: 

H4B20H„OCH3. 

L  iiB^Hj-OCjHs, 

Rb4B20Hl7OCj2H25> 

Ag4H2(;Hi7OC9H3, 

Pb2B2oHi7OCiH4 — C,Hj. 

[(C4H9)4Nl3B2ibfI8OC8H„, 

(NH3CH-.CH:NH3)j(B20Hi,OCsHn)a, 

Eu  ( H30 )  6B29H.£OC2Hj. 

Al(H20)eB29Hj8OC4H9,  and 

the  like. 
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Compounds  bearing  amino  substituents  are  represent¬ 
ed  genericnlly  by  the  formulas 
M»(B«HnNHa)b  (7)  or  Ma.(Ba0H18NITs)b.  (7a)  where 
M,  a,  b,  a’  and  b'  are  defined  as  in  Formulas  1  and  la. 
Representative  examples  of  amino-substituted  compounds 
are  as  follows: 

Na4B20H17NH2, 

TLB23HnNH2, 

Ca-BjoHnNH-, 

[(CH3)3S]4B20HI7NH2,  3 

(NHaNH3)sB20HisNHa 

l(CtK„):NK2]3B20HlaNH2> 

(CiH5NH)3d20HISNH2, 

(Ci6H?-NH3)3  320H.sNH2. 

(C6H5CH2NH3)3B2oHiaNH2,  and  1 

the  like. 

The  cation  M  in  the  compounds  can  be  hydrogen  (H*) 
or,  in  its  hydrated  form,  hydronimn  (H30<-).  These  com¬ 
pounds  arc  strong  acids  and  they  form  an  important  group  . 
of  the  compounds  of  Formula  1.  Illustrations  of  these  acids 
are  as  follows: 

H<B20H1s, 

H4BjoHnOH, 

H4BMH„OCH3,  ' 

H2Bj0Ki:OCH2C6Hs, 

H4B2aH„OC0H,., 

H4B20H„OCcH„ 

H4B„H17OCiaHa, 

H4BJ3H17NHa 

(or  H3B20H17NK3),  and 

the  like. 

Acids  of  the  tctravalcnt  anions  are  generally  obtained 
as  hydrates  having  up  to  12  or  more  molecules  of  water. 
In  these  hydrates  up  to  4  of  the  molecules  of  water  are 
generally  considered  to  be  associated  with  the  acid  hydro¬ 
gens.  The  hydrates  cf  the  acids  are  stable  products  and 
they  form  a  preferred  group  of  the  acid  derivatives.  Il¬ 
lustrations  of  hydrates  of  acids  are  as  follows: 

( H)0 )  4E20Hi  j  •  5  HaO 

(H30)4B:cH!9-6I-T20,  (H3O)4B20H18-«HA  and  the  like. 
Acids  having  only  four  molecules  of  water  of  hydration  are 
illustrated  by  (HaO)4B2aH17OH,  (H30)4PscF;,0' V!s, 
and  the  like. 

PREPARATION  OF  UNSUBSTJTUTED 
COMPOUNDS 

Compounds  which  are  free  of  X  substituents  are  pref¬ 
erably  prepared  by  reducing  a  salt  of  the  divalent  eicosa- 
borate  anion  of  the  following  formula 

M»"(B2oHie)b1'  (8) 

where  M  is  defined  as  in  Formula  1,  and  a”  and  b"  are 
the  smallest  whole  numbers  which  satisfy  the  equation 

2V'=a"x  valence  of  M  (8a) 

The  preparation  of  the  reactions  of  Formula  8  is  described 
fully  in  assignee’s  copending  applications  by  V.  A.  Engel¬ 
hard  t,  Ser.  No.  199,572,  filed  May  31,  1962,  and  in  my 
copending  application,  Ser.  No.  199,573,  filed  May  31, 
1962.  Their  preparation  is  also  described  briefly  below  and 
illustrated  in  the  examples. 

Acids  and  salts  of  the  divalent  octadecahydrceicosa- 
borate  anions  of  Formula  3  arc  obtained  by  oxidation 
of  a  dccahydrodecaborate  (2~)  of  the  formula 

(9) 

where  M  is  defined  as  in  Formula  1,  and  a"  and  b”  au 
defined  as  in  Formulas  S  and  8a. 

The  process  for  preparing  the  unsubslituled  compounds 
of  'he  invention  represented  by  Formula  l  can,  therefore, 
be  viewed  as  consisting  of  the  following  steps  h  which  the 
intermediate  products  are  not  necessarily  isolated  prior  to 
we  iu  tliv  SflCCtSoiflg  step: 


(a)  oxidizing  a  dccahydrodecaborcte(2-)  of  Formula 
9  to  obtain  a  salt  of  the  octadecaliydroceiccsaborate(2_) 
anion  of  Formula  8,  and 

(b)  reducing  the  octadecahydroeicosaborate(2-)  ob¬ 
tained  in  step  (a)  to  obtain  a  salt  which  falls  within 
the  scope  of  Formula  3  and,  optionally, 

(c)  reacting  the  product  obtained  in  step  (b)  with  an 
acid,  base  or  salt  containing  a  cation  M  which  is  de¬ 
sired  in  the  final  product,  and  isolating  a  compound 
of  Formula  3.  - 

Step  (c)  in  the  above  procedure  is  optional  and  it  is  a 
simple  mctnihetic  reaction.  A  product  which  falls  within 
the  scope  of  For-nila  3  can  lx*  UoiVed,  if  desired,  ditvetfy 
from  the  reaction  mixture  in  step  (b). 

Referring  to  s'ep  (a)  in  the  above  process,  oxidation  of 
the  BltH10-2  salt  at  conventional  temperatures  (e.g.  15*- 
30“  C.)  yields  as  the  principal  product  a  salt  of  the 
2  anion.  In  the  event  oxidation  is  conducted  at  low 
temperatures  (c.g.,  0“  C.  or  lower),  a  product  is  obtained 
which  is  a  mixture  of  salts  of  the  B2jHla-s  and  B2oHi»-3 
anions.  Salts  of  the  B23Hi9~3  anion  arc,  as  stated  earlier, 
acid  sails  represented  by  Formula  3a  end  they  fall  within 
the  scope  cf  Formula  1.  It  is  possible,  therefore,  to  com- 
*bine  oxidation  and  reduction  of  the  2  anion  in  a 

single  step  to  obtain  as  one  product  of  the  reaction  a  com¬ 
pound  which  falls  within  the  scope  of  Formula  1 

The  decahydrodecaborates,  NU*( 3.3Hir,)b',  are  pre¬ 
pared  by  methods  described  fully  in  U  S.  Patents  3,1-48,- 
938;  3, 148,939;  and  3,149,163  to  V,'.  II.  Knoth,  Jr.  The 
preparation  of  representative  compounds  is  described  in 
the  examples.  Any  dccahydrodecaborate  (2- )  can  be  em¬ 
ployed,  i.e.,  compounds  in  which  M  is  any  atom  or  group 
of  atoms  which  can  form  one  or  more  cations  in  water,  are 
operable.  For  reasons  of  availability  and  cost,  it  is  pre¬ 
ferred  to  jsc  decahydiodccaborates  of  Formula  9  in  which 
M  is  hydrogen,  hydronimn,  ammonium,  substituted  am¬ 
monium,  an  alkali  metal  or  ar.  alkaline  earth  metal.  Spec¬ 
ific  illustrations  of  the  classes  of  preferred  reactants  are: 
K,B1cH18  and  its  hydrates,  Na2D:3H,0,  Cs2B10H1(), 
rC2B[0HiC,  Li2B.cH!3l  BaBj3I-fj3,  CaBjrHjp,  McBj^Hjo, 
(NH,.),3:oH;o,  [(CH3)4N]2B;oHjc,  [(C£U5)3NH1-310Hi0, 
[(CH3),NH2)23i0HIC,  and  the  like. 

Oxidation  Step  to  B23H!3-2  Compounds — Oxidation  of 
the  decaborate  icactant  is  accomplished  either  chemically 
or  electro  ytically. 

In  chemical  oxidation  the  oxidizing  reagent  or  oxidant 
is  a  compound  having  as  a  characteristic  component  a 
metal  of  variable  valence,  which  metal  is  in  its  highest 
valence  state,  said  compound  having  an  oxioation-rcduc- 
ticn^poicntial  in  acid  solution  of  about  —1.33  to  about 
1  — 1.61  volts.  The  oxidation-reduction  potential  of  a  com¬ 
pound  Is  a  recognized  and  measurable  property  for  which 
values  are  found  in  ^readily  available  texts,  e.g.,  “Oxida¬ 
tion  Potentials, ’^by^V.  G.  Latimer,  2nd  ed.,  Prcntice-Hall, 

.  New  York  (1952),  particularly  page  344.  Examples  of 
1  classes  of  compounds  which  are  operable  in  the  process 
are  dichromates,  aurates,  higher  oxides  of  lead,  manganic 
salts,  permanganates,  higher  oxides  of  bismuth  and  salts 
of  tetravalent  cerium. 

The  chemical  oxidation  process  is  conducted  by  simple 
and  uncomplicated  procedures  in  conventional  equipment. 
A  solvent  is  generally  employed  which  preferably  is  hy- 
droxylatcd,  e,g„  methanol,  water,  ar.J  the  like.  Water  is 
most  conveniently  used  and  it  is  therefore  the  preferred 
solvent. 

’  Tlie  ratio  in  which  the  reactants  are  employed  is  not  a 
critical  factor  for  operability.  However,  the  use  of  an 
excess  of  oxidant  may  lead  to  a  decrease  in  yield  of  the 
der-ired  product.  It  is  preferable  to  employ  at  most  two 
}  oxidation  equivalents  of  the  oxidant  ^  based  on  the  metal) 
per  rnole  of  BI3Hi3-2  salt  or  acid  used  Ln  the  process.  The 
preferred  mole  ratio  of  or.'dant  to  polyhydropolyborate 
can  be  determined  by  methods  described  in  “Handbook  of 
Chemistry  and  Physics,”  3Sth  cd.,  p.  1588,  Chemical  Rub- 
>  b-i  pa'uUsiiiilg  Co.  (  JV35). 
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Pressure  is  .ml  .1  iriiii.il  fullin''  ill  the  piui_l‘Xs  and  <tt- 

i. tosphcri:  procure  i-.  ncrn.illy  used.  However,  if  desired, 
rrc- sines  higher  or  lower  thrn  atmospheric  can  e  cm* 
ployed. 

The  process  is  operable  over  a  wide  temperature  range. 
However,  as  r.otcd  earlier,  :.i  mv  temperatures  a  salt  of 
the  anion  nay  be  :■  Sained  'as  wcli  as  a  salt  of 

the  HnH.,-'3.  At  te.Tipcratuie;  of  0*  C.  or  below,  the 
\ retd  of  sJl  may  be  5057  or  h  r, her.  The  forma- 

ii. vr  of  lac  Hit,!!,,-1  -ah  diminishes  a  higher  tempera¬ 

ture:  of  operation  and  at  about  2rt"  C.  or  higher,  ihe 
product  is  principally  a  salt  cf  the  anion.  Nor¬ 

mally  the  reaction  is  conducted  at  the  prevailing  atmos- 
plter  e  temperature  hut  cm  per  atures  as  law  as  — 10°  C.  or 
lower  and  as  high  as  !•/>*  C.  can  be  employed.  Preferred 
temperatures  of  i.p.u.ition  lie  hi  tween  about  0"  ar.d  50° 
O.  t  i  e  product  oMni'/rd  in  the  process,  whether  a  mixture 
of  salts  of  and  B;cHi»-3  anions  or  pure  salts  of 

the  it;, ,11 3  anion  can  be  used  in  the  reduction  step 
designated  as  (b). 

The  reunion  proceeds  rapidly  and  a  measurable  quan¬ 
tity  of  -.icdu.  t  is  obtained  within  a  short  time.  Normally 
the  ic:  etents  arc  in.tuit.dned  in  contact  for  a  sufficient 
period  !■»  avsitre  maximum  yield.  The  time  of  reaction  can 
range  .rcra  a  lew  min  ties  to  2s  hours  or  more. 

In  the  operation  of  the  process  it  is  preferable  (al¬ 
though  not  essential )  to  and  tlte  oxidant  to  the  deca'coratc 
to  rcditC'.  i hi  sitor  of  the  reaction  and  to  obtain  the 
maximum  y'elj  cf  desired  product.  Normally,  therefore, 
the  reaction  ves-cl  is  charged  with  the  solvent  and  the 
dccahydrodccahoialc.  The  chemical  oxidant,  which  is  ccn- 
vcaicRti/  handled  in  solution,  is  added  gradually  to  the 
>essel  at  a  late  which  provides  a  controllable  reaction. 
After  all  of  the  oxidant  has  been  added,  the  reaction  mix¬ 
ture  can  he  stirred  for  a  short  period  and  a  solution  con¬ 
taining  the  desired  cation  M  is  added.  The  pelyboraie 
salt  frequently  precipitates  at  this  point  but,  in  the  event 
precipitation  decs  not  ncrtir,  the  solution  is  evaporated 
to  a  volume  at  which  a  solid  separates.  The  sait  of  the 
divalent  anion,  generally  precipitates  first  front 

the  solution  and  is  separated  by  filtration.  Further  evap¬ 
oration  of  the  filtrate  leads  to  the  precipitation  of  the  acid 
sail  of  Formula  3a,  it  it  is  formed  under  the  conditions 
of  operation.  The  products  are  purified  further,  if  desired, 
by  conventional  procedures. 

The  electrolytic  oxidation  procec-  fur  obtaining  salts  of 
the  Is -CI « i, • J  anion  from  tails  of  the  Bi0H.a--  anion  is 
descrired  fully  in  my  co, -ending  application,  Serial  No. 
19073,  tiled  May  31.  1962. 

Reduction  step — Salts  of  the  B:oHij-4  anion  and  of  the 
acid  union  are  obtained  by  a  reduction  process  which  con¬ 
sist  in  reacting  the  acid  of  the  li;;H  rJ  anion  (usually 
as  a  hydrate),  e.g.,  (HjOhnj.H;,  ha  inq  up  to  8  mole¬ 
cules  of  water,  with  an  active  r;etal,  i.e.,  a  metai  which 
has  a  standard  electrode  poter-ial  at  25°  C.  cf  at  least 
about  0.75  volt  (cf.,  •'M.ir.dbool-  of  Chemistry  and  Phys¬ 
ics,”  38th  ed.  (1956-57),  p.  I6i  0,  Chemical  Rubber  Pub¬ 
lishing  Co.]. 

The  reaction  is  readily  conducted  in  aqueous  solution 
and  for  this  reason  metals  are  usually  employed  which 
react  controllably  in  a  i  teous  medium.  Metals  such  as  Zn, 
Mg,  Al.  and  the  like,  are  preferred.  The  acid  of  the 
anion  or  one  of  its  hydrates,  is  dissolved  in 
water  and  portions  o  metal  (turnings,  shavings,  pellets, 
and  the  like)  are  added  gradually.  The  reaction  is  vigor¬ 
ous  and,  as  in  the  ptevious  processes,  a  gas  is  evolved. 
The  reaction  can  he  controlled  by  appropriate  means,  e.g., 
cooling,  dilution  with  water  or  very  slow  rat.-  of  addition 
of  metal.  When  no  further  gas  evolution  occurs  with  ad¬ 
dition  of  metal,  unreacted  solid  material  is  separated  and 
the  clear  solution  is  processed  as  described  for  the 
previous  processes. 

Preparation  of  substituted  compounds — Compounds  of 
Formula  1  in  which  X  is  — OH  are  obtained  by  reacting 
a  salt  of  the  BnHn_1  anion  with  a  strong  base.  The  reac¬ 
tion  is  conveniently  performed  in  water  to  which  water- 
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20 


miscible  ui  gaiiic  solvents  can  oe  ad  dm.  If  desired,  to 
increase^  the  solubility  of  the  salts,  line  salt  of  the 
BeoHss-2  anion  and  the  strong  base  is  aided  to  the  solvent 
to  form  a  dear  solution  which  is  heated  and  stirred  until 
the  solution  is  colorless.  The  solution  Is  cooled  and  it 
is  processed  as  described  in  the  preparation  of  the  un¬ 
substituted  salts  to  obtain  a  salt  oi  the  'e;ra valent  anion. 

Any  salt  of  a  BjsHjjj-2  anion  can  be  used  but,  as  a 
matter  of  convenience,  the  alkali  metal,  alkaline  earth 
metal,  ammonium  or  substituted  ammonium  salts  are  used. 
Tlte  term  a  stro.qg  base,  as  used  herein,  means  a  com¬ 
pound  whose  base  strength  is  equivalent  to  an  alkali  metal 
hydroxide,  fhe  bases  which  are  preferred  for  use  in  the 
process  are  the  albll  metal  hydroxides  (LiOif,  NaOH, 
ROH,  CtOH),  alkaline  earth  mcla!  hydroxides  (Ca(OH),, 
Ba(OM)2,  Sr(OH)?],  and  quaternary  a  main  mum  hy¬ 
droxides  [R4NOH,  where  R  is  aralkyl  c:  lower  alkyl  e.g.. 
(CH3).,MOH,  (C2Hs)4NOH,  (C6H;CH2)(CHj)3NOH, 
and  the  like]. 

The  ratio  in  which  the  reactants  are  employed  is  net 
a  critical  factor.  Sufficient  base  is  employed  to  keep  the 
solution  alkaline,  a  condition  which  is  readily  determined 
by  conventional  methods,  e  g.,  color  indicators,  potenti- 
emetne  measurement,  and  the  like,  fn  general,  the  ratio, 
moles  i3~,H)a--  salt/mcles  strong  base,  lies  between  about 
0.1  and  20. 


J  he  reaction  ;s  conducted  readily  at  atmospheric  pres¬ 
sure.  It  can  be  operated  at  pressures  higher  or  lower  than 
atmospheric  but  no  advantages  are  found  under  these  con- 
33  ditions  of  operation.  The  reaction  proceeds  at  normal  at¬ 
mospheric  temperatures  but,  to  increase  the  speed  of  the 
reaction,  the  mixture  is  usually  heated  to  the  boiling  point 
of  the  solution.  The  temperature  of  the  reaction  may  lie 
between  about  10°  C.  and  about  100°  C.  The  time  cf  the 
33  reaction  may  be  from  a  few  minutes  to  24  hours  or  more. 

Compounds  of  Formula  1  in  which  X  is  -OR  are 
obtained  by^  reacting  a  salt  of  the  anion  with  a 

metal  alkoxide  or  phsnoxide.  The  reaction  is  conducted  in 
the  manner  described  for  tbc  preparation  of  -OH  sub- 
43  siiluted  compounds  and  need  not  be  repeated  here.  The 
preferred  o'koxidcs  or  phenoxides  are  compounds  of  the 
formula  M  'OR,  where  M"  is  sodium  or  potassium  and 
R  is  defined  as  in  Formula  1. 

Compounds  of  Formula  1  in  which  X  is  —  NH2  are 
obtained  by  reacting  a  saJt  of  the  B~,H- -*  anion  with  an 
45  alkali  metal  amide  of  the  formula  where  M"  is, 

preferably  sodium  or  potassium.  The  reaction  is  conven¬ 
iently  conducted  in  liquid  ammonia  as  s  solvent.  Any  salt 
of  the  R',4 Hi3~2  anton  can  be  used  but  the  ammonium 
salt  (NHiJjBv-H.j  is  preferred.  The  reaction  is  conducted 
50  by  conventional  procedures  wherein  the  elcosabcrate  and 
the  alkali  rnetal  amide  arc  simply  mL”:J  in  liquid  am¬ 
monia  and  the  reaction  is  continued  until  all  the  liquid 
ammonia  is  removed  by  evaporation.  The  residue  is  proc¬ 
essed  in  the  usual  manner,  due  care  being  exercised  to 
55  destroy  excess  metal  amide,  if  present  prior  to  working 
up  the  residue.  The  crude  product  is  purified  by  conven* 
tional  crystallization  procedures  as  described  in  the  prep¬ 
aration  of  —OH  substituted  compounds. 

In  all  of  the  above  processes  for  the  preparation  of  un- 
(t0  substituted  or  substituted  compounds,  the  crude  reaction 
products  are  purified  by  well-known  and  recognized  pro¬ 
cedures.  Conventional  crystallization  procedures  are  used 
most  frequently,  employing  water  or  inert  organic  sol¬ 
vents,  e.g.,  benzene  or  alcohol.  Solutions  of  the  products 
05  can  be  treated  with  absorptive  agents,  e.g.,  activated 
carbon  or  silica  gel,  to  absorb  the  mayor  portion  of  the 
impurities. 

Mctathetic  reactions — Compounds  of  Formula  1  where¬ 
in  M  covers  a  wide  range  ot  cations  are  obtained  by 
70  simple  nretathctic  reactions.  To  iUttstnte,  an  aqueous  so¬ 
lution  of  a  compound  of  Formula  1,  where  M  is  NH«+, 
is  contacted  with  a  strong  acid  or  with  a  strong  acid  ion- 
exebanre  resin  to  obtain  the  free  acid,,  i  e,  a  com^und 
of  Formula  i  in  which  M  is  H.  The  acid,  generally  in 
75  solution,  is  reacted  with  oxides  of  metals,  hydroxides  of 
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... -i  r ro-1  :-is  of  formula  1  which 
;.:i  t  .*  I.  In  u  r  or  css  i.nploying  nr,  iO*r 
-ly  .iciJ'c  -c-ir.s  of  tl.c  sulfonic  acid 
red  L  c  if  availability,  c.c.,  “Am- 
f-.r.i'c’  :  :i- 1 :  >-•  I  :  <■■}  “  Dov.e  s"  5  A  Tire  acid,  usually 
obtained  fr.  uqw.'GJv  solution,  can  be  reacted  with  ni -rates, 
chlvii  !:x,  h,.--v  'c=.  n.retr.cs,  I'caroatcs,  and  similar  sails 
of  irc'.-.r  if  ,  ti.-.r  r:.si.s  to  oc.a  u  -”.“S  of  i  onjiuti.  1.  _ 
l"o  !o i.r.vc,  a  ..‘.tiCO'jx  inliitinn  of  Csili-olfis  is 
pussr  l  i  T.v.r'i  a  column  packed  with  ••Anbcrlilc"  1R- 
j  ->o-I  [  to  of  min  in  aqueous  sulitton  the  and  H  "soltia- 
•f~ic  us  ■-  .fan  i;  evaporated  under  reduced  pres- 
"c . tain  tl.c  acid  i'.l!  ,11  „  {.Jitc rally  as  a  solid 
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15 


hydro* j  ’-is  in',  up  to 
dialed  f.  rti  p  ,rt  rf  l 
to  he  a->. c  ated  w  oh  ; 


nf, Old.-,  n 


ni,0)4d.-  Hud 
when  r  ! . ru'cc  i 
the  !>•.»:*  revet: 

li  e  salts  fr.nt 
TV.  Me  1: 


I.O, 


solid.  The  satts  formed  in  thf.3  procedure  are  usually  an¬ 
hydrous.  Examples  of  heavy  metal  salts  which  can  be 
prepared  by  this  method  are:  PbstBjoHjslj, 

Hp;Q..0HnOC2H:,  H?;B;rHi,OH,  and  Ag4BS0HnOCH5. 
The  procedure  is  gesem  to  preparation  cl  natta.1  salts 
cf  t!te  compounds  of  the  invar  lion  and  it  can  be  employed 
with  unsufesiliUtd  and  substituted  compounds. 

Nitrates,  carbo  vates,  chlorides  or  oxides  of  metals  can 
be  used  to  prepare  the  salts  by  the  methods  described 

carlIcr# 

Light  ttrUfWve  rr-ur,*  L\  'lie  iflnr  ntre  preferably 
prepared  under  <or.si:'.orvs  providing  minimum  exposure 
to  light  although  exclusion  of  light  is  not  essential  for 
operability. 

Compounds  of  Formula  1,  where  M  is  an  a.Kalt  or 
alkaline  earth  metal,  e.g.,  Na,  K,  Cs,  Ca,  Ba,  Mg  and 
Sr,  can  undergo  simple  metathctic  reactions  with  o.her 
salts  to  effect  an  exchange  of  cations.  Thus,  NatB:oIIi3  or 
K<B?0H17OH  can  b-e  reacted  in  aqueous  solution  with 
QA  ammonium  sulfate,  benzenediatoniuin  hydi oxide,  pyri- 
dinium  chlotide,  rucrpholiniuiii  sulfate,  poiyethylcne- 
iniine  hydrochloride,  and  the  like,  to  form  compounds  of 
Formula  1  having  ammonium,  btnzencdiazonium,  pyri- 
•  i.ctds  are  i.t-:l, tiled.  dinium,  inorpholiniam,  and  the  like,  as  cations,  these 

-cr  t.ids  which  can  he  obtained  and  illustrations  are  not  limiting  and  they  demonstrate  the 

they  ec.t  1:  derived  arc  shown  in  breadth  of  metathet'e  reactions  which  can  be  used. 

Compounds  of  the  invention  in  which  the  group  M  is 
a  metal,  particularly  a  transition  metal,  or  a  V/emer-type 
complex,  frequently*  contain  solvent  of  crystallization 
when  isolated  by  conventional  methods.  'Hie  solvent, 
e.g.,  water,  can  be  bound  loosely  in  the  lattices  of  the 
crystals  or  it  can  be  associated  by  stronger  bonds  with 
the  metal  cation  or  Werner-type  complex  cation.  Solvent 
H-u-tii-i'ina  of  crystallization,  entrapped  in  crystal  lattices,  is  removed 
H.P-nlf.-OC'.H-  oj  easily  by  well-known  procedures,  e.g.,  heating  under  re- 
i  duccd  pressure.  Soi-ent  of  crystallization  which  is  as¬ 

sociated  with  the  cation  is  more  difficult  to  remove,  and 
for  most  applications  it  is  not  necessary  to  remove  com¬ 
pletely  this  type  of  bound  solvent. 

The  nroducts  of  the  invention  and  processes  for  obtain¬ 
ing  them  are  illustrated  in  the  following  examples.  The 
preparation  of  a  representative  compc  md  of  the  type 
Ma.(BloHio)b'.  which  Is  employed  as  a  reactant,  is  also 
illustrated. 

EXAMPLE  A 


12  i.-.i-.ieci !i \  of  water.  In  the  hy- 
v.jter  id  hydration  is  considered 
ioui/.ii'li:  riotons,  e.g., 

..  iJ  the  life.  It  is  understood  that 
to  a. ids  of  nXn*1  anions, 

ci. Is  are  i.t  .la. led. 


TABLE  1 

Ai  id  i  ht, lined  (as  hydrates) 


Compound: 

K.d-lli, . 

uaL.LSisT.-.iii, . . 

; .'.iii;  -H-, - - - 

(N! !t V-  i !■, .01 1 . 

(N’!,t-'d.-  i1  Mlj . . 

(*•  •»  J. _ _ 

trV:ijN!t- .'.-C.  ii:.oc;ij . 

(C’" ! !;N!1 5*. :!  .HijOCulIti 
N.'.-t  --i  Lit-  if - 


HtBscHu 
H.U-fjHta 

H4BsSHiS 

H.,BmH|,OH 


li  (U-HnOC,H5 

_ n<'.3.;HnOC1,H2J 

_ 

Ca.-e'ul  ccr.cer.tr ’.t:cn  of  the  su’.u'ions  of  the  acids  and 
intensive  dr) >:p  u  -i :r  low  prcssuie  and  moderate  tem¬ 
perature  of  si. a  iiewd  rc'.i dues  yield  the  acids,  generally 
as  hvi’-wtes  as  iF.:.:od  carder.  For  many  chemical  rc- 
acFor.s  it  i;  net  ’ccw-'iry  to  i  oiato  the  acids  from  solu¬ 
tion.  The  solutions  cf  the  acids  can  be  employed  directly, 
especially  In  me:  ithcfic  reactions. 

.Met  il  sells  of  the  ir.vcn.ion  can  be  prepared  by  neu- 
traiica.ion  of  the  .ici.ls,  obtained  r.s  described  above,  in 


40 


45 


(A)  Preparation  of  Bls(dimethyl  sulfide) decaborane- 
(12). — A  reaction  vessel  having  a  capacity  of  about  365 
g.  of  water  is  chirped  with  0.79  p.  of  dccaborane  (14), 


aqueous  or  alccho!  sclation  with  t.n  aqucous^solution^or  „M,i.i  ■,  vu..-->-  s...  --  -  -  .. 

sii'- pension  of  an  i.t.wg'inic  has.:,  e.g.,  an  alkali  or  alkalme  _  cooiecj  jn  liquid  ritrogen,  and  then  evacuated  to  a  pres- 
earth  t  vital  hydroxide,  the  resulting  solution  of  the  rr.ctal  0)  SUCli  0f  jq  microns  of  mercury.  Approximately  21  g-  of 


VdllU  l  - -  *-  .  .  . 

salt  of  the  .r.X3)-4  ;4r.ion  r.r  of  the  acid  aruon  is 

concentrated  by  evaporation  of  water  or  alcohol  until 
the  *a!t  crystallizes  out.  In  many  cases  the  salt  may_ pre¬ 
cipitate  during  its  preparation  and  evaporation  of  the 


cult/  VI  l  is/  IIUWIUIIJ  r  - - <  —  , 

dimethyl  sulfide  is  condensed  onto  the  dccaboranc  ;a 
the  reaction  vessel.  The  reaction  vessel  U  chased,  allowed 
to  warm  to  room  temperature  and  stand  for  4  days.  Uur- 
--  ing  lids  lime  6.6  mblimclcs  of  hydrogen  is  evolved.  The 


tiJIlli.C  v.  -Ji  *1  *>)  jis.j-»»i..*i*> . —  r  - -  -  *  -  a'ta  mroo  *•*-*'  ■  / - s-”  , 

solution  is  r.ot  necessary.  T  l.e  crystalline  salt  is  dried  under  reaction  vessel  is  opened  and  excess  dimethyl  sulfide  is 


reduced  pressure,  e.g.,  0.1  mm.  of  mercury,  or  lower,  and 
modera'ciy  elevated  temperature,  e.g.,  e0-100°  C.  The 
metal  salts  frequently  contain  water  of  hydration  which 
can  be  removed  by  heating  for  several  hours  at  a  tem¬ 
perature  ol  about  200*  C.  under  low  pressure,  e.g.,  0.1 
mm.  mercury  or  iov  er.  Specific  examples  of  salts  which 
can  be  obtained  by  the  process  described  above  are: 

Na«B-  H-{,  K-BjjHjj,  (N'H^jBjoHig, 

[Ni(NiJ.i  )61:(  Bullish,  Na4B30HnOH, 

K<B--,H.7OCcHr,Li4BioHnOC3H7, 

f(CH3)4M:B:-,MtiOCr.K,i,MgsB2oH„OH, 

Ba»BJ£Hi70H,C3:B;;HnNH:,  Sr:B20Ili7OCITj, 
and  the  like. 

Water-insoluble  heavy  metal  salts  of  the  aetds  can  be 
prepared  by  adding  a  water-soluble  heavy  meta.  salt,  e.g., 
silver  nitrate  or  mercuric  nitrate,  to  an  aqueous  solution  of 
the  boron-containing  acid  whereupon  the  heavy  metal  salt 


IWlIkltVflt  ^  p  —  •  *  —  -  - —  t 

removed  by  distillation,  leaving  a  practically  quantitauve 
yield  of  while  solid  residue  of  BicHu’HfCHslsS.  The 
compound  is  rccrv-stalLized  from  ethyl  acetate  aud  r. 
60  melts  at  122-124°  C.  The  compound  is  called  bis(dime:a-l 
f  ;ljide)dccaborane(  12). 

The  above  procedure  is  equally  operable  with  other 
•  rganic  sulfides, 

(B)  Preparation  of  M;B1(}Hio  (where  M  if  NH<). — 
05  '.iis(dimelliyl  sulf:de)de:a>orane(12)  (8.5  g.)  is  mixed 
-viih  50  ml.  of  liquid  ammonia  and  stirred  in  a  round- 
bottom  reaction  vessel  for  1  hour  with  the  vessel  being 
cooled  to  a  temperature  of  about  —50*  C.  ry  partial 
immersion  in  a  bath  of  a  mixture  of  solid  carbon  dioxide 
_q  and  acetone.  The  cooling  bath  is  then  removed  and  the 
1  excess  ammonia  is  allowed  to  evaporate  w..h  stirring.  The 
remaining  traces  of  anmenia  ate  removed  by  subjecting 
the  residue  to  a  high  vacuum  (0.01  mm.  of  mercury)  at 
25°  C.  There  is  obtained  5.6  g.  of  solid  resid  Je  which  is 


the  boror.-comainirig  aciu  wi.eieupu.i  i.k.  --  - — -■*: - .  v  ^ 

of  the  areon  precipitates  out  as  a  white  or  jigut  co.orea  75  vitiuaF.y  a  quo" e .. ret J  ot 
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Example  B,  which  follows,  illustrates  the  preparation 
of  salts  of  the  BsoH,,-*  anion  v.liich  aie  employed  as 
reactants  to  prepare  the  c<rr.paundt  v,t  C*  invention. 

EXAMPLE  B 

(A)  Preparation  of  M2B2CIIi3  (where  M  is  a  mono-  5 
valent  cation). —  A  reaction  vessel  is  charged  with  100 
ml.  of  water  and  1X6  g.  of  (NH/)2B10ILo.  The  mixture 

is  stirred  and  a  solution  of  5.4  g.  of  Cc('\iii')!('S03)l-,  in 
80  ml.  of  water  is  added  gradually.  Evolution  of  gas 

VJV.V.U.3  .ilid  . i  (JcCp  Llui." V iO.v.1  tuut ,.i.  A  t  ji.Wli* 

traled  aqueous  solution  of  (Cli3)4NCI  is  added  to  the 
reaction  mixture  with  stirring  and  in  sufficient  amount  to 
precipitate  completely  a  violet-colored  solid.  The  sol'd 
is  separated  by  filtration  and  ir  is  purified  by  crystalliza- 
lion  from  hot  water  to  yield  the  yellow  compound,  bis- 
(tetramcthylarnrnonium)  oetadccahydfocieosakoratc(2-). 

The  compound  is  so'uble  in  acetronitrile,  hoi  methanol 
and  hot  water.  The  identity  of  the  product  is  confirmea 
by  elemental  analysis.  oq 

Analysis. — Cnlc’tl  for  [(CK3)4N].3i  ii,,:  C,  25.1;  H,  ' 
11.1;  N,  7.32;  B,  56.5;  Eq.  Wt„  191.4.  Pound:  C.  26.3; 

H,  11.5;  N,  7.55,  7.80;  B,  54.3;  Eq.  Wt„  1S8,  204. 

(B)  A  solution  of  [(CII3)4NT in  mcthdnol-water 

is  passed  through  a  column  packed  with  a  commercial  25 
acidic  ion-exchange  resin  of  the  polysulicnic  acid  type. 

The  cluucnt  is  a  solution  of  the  acid  H2B;,5H,3,  or,  ex¬ 
pressed  as  a  hydronium  acid,  (H-0):)?;oH;3.  The  aqueous 
solution  is  used  without  further  processing  to  prepare 
salts  of  the  acid.  The  solid  acid  is  obtained  by  evaperat-  30 
ing  the  aqueous  solution,  prepared  as  described  above,  to 
dryness  at  vc-iy  low  presmre  (less  than  0.1  mm.  of  mer¬ 
cury).  The  acid,  which  forms  large  intensely  colored  yel¬ 
low  crystals,  contains  6  moles  of  water  of  hydration,  of 
which  2  moles  arc  considered  to  be  associated  with  the  33 
proton  cations.  The  identity  c£  the  comnotmd  is  confirmed 
by  elemental  analysis. 

Analysis. — Cnlc’d  for  (II3O),3,0Hi3-1ITO:  H,  9.36; 

B,  62.8.  l-our.d:  H,  8.91;  B,  63.7. 

The  solid  yellow  crjstals  of  the  hydrated  r.cid  obtained  40 
above  are  very  hygroscopic.  They  dissolve  in  water  to 
form  a  clear  solution. 

(C)  A  portion  of  an  aqueous  solution  of  the  dibasic 
acid,  prepared  as  described  in  Part  B,  is  titrated  with  an 
aqueous  solution  of  sodium  hydroxide  until  the  reaction 
mixture  is  neutral  (pH—7).  The  resulting  aqueous  yeilow 
solution  is  evaporated  to  dryness  under  reduced  pressure 
(less  than  '  mm.  of  He)  to  obtain  crude  Nn-B:oHla  as  a 
tan-colored  solid.  The  compound  is  purified  by  crystalliza¬ 
tion  from  methanol.  Tlic  product  so  obtained  contains  50 
water  of  crystallization. 

Analysis. — Ca’c'd  for  ><a2B2c,Hn-2H20:  B,  68.3;  H, 
7.07.  Found:  B,  68.2;  II,  7.25. 

The  compound  can,  if  desired,  be  obtained  free  of 
solvent  of  crystallization  by  heating  for  a  time  at  very'  53 
low  pressure.  The  molecular  weight  of  the  compound 
NaoB-.jHu,  determined  by  freezing  point  depression  in. 
aqueous  solution  gives  the  following  values:  103,  99,  S9, 

88,  i.e.,  an  average  molecular  weight  of  95;  calculated 
value:  93.3,  GO 

The  compounds  of  Example  B  arc  characterized  fully 
in  my  copending  application,  Ser.  No.  199,573,  filed  May 
31,  1962  and  referred  to  in  a  preceding  paragraph. 

The  preparation  of  compounds  of  Formula  1  which  are 
free  of  X  groups  is  illustrated  in  Examples  1-4,  05 

EXAMPLE  1 

Approximately  3.0  g.  of  magnesium  turnings  ate  added 
gradually  and  with  stirring  to  about  50  ml.  of  an  aqueous 
0.2  M  solution  of  HiB;oH>8.  A  vigorous  exothermic  re-  ,-5 
action  sets  in  and  gas  is  evolved.  Water  is  added  to  abate 
the  vigor  of  the  reaction  and  the  mixture  is  allowed  to 
stand  at  about  25"  C.  for  24  hours.  The  solution,  which 
is  colorless,  is  filtered  to  separate  the  unreacted  metal. 

Tt-e  Ojtrst^  LV  pfenfrali/ed  with  NH^TH.  TLc  solution  at  75 
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this  stare  contains  (NH1;1B23H;iI.  Aqueous  CiCl  solution 
is  added  and  the  solution  is  sti  red  for  several  minutes. 
A  green  ml  id  paevvArAes  vdAh  fo  siptrated  ty  f.At  avion. 
The  product  is  crystallized  from  hot  water  to  obtain  a 
colorless  crystalline  compound  which  is  a  hydrate  of 
Cs4B::>H13.  It  is  dri'd  at  100*  C.  under  \erv  low  pressure. 

Analysis.— C alc’d  for  Cs;B20Hl0-H2O:'  Cs,  67.8;  B, 
27.6;  H,  2.57.  Found:  Cs,  66.5;  B,  27.4,  27.5;  H,  3.23. 

EXAMPLE  2 

fi‘*v  JiitLl  tmvi  All  nuuvuuV  SUlUiJOtl  01  H21B2.3TTj3,  p.c- 

pared  as  described  in  Example  B.  Part  B,  are  mixed  until 
the  acid  solution  becomes  colorless  and  gas  evolution 
ceases.  The  period  oi  mixing  is  about  24  hoars,  me  solu¬ 
tion  is  decanted  from  excess  metal  and  an  aqueous  solu¬ 
tion  of  (CHj)iNCl  is  added  to  the  clear  liquid.  A  white 
precipitate  forms  which  is  separated  and  recrystallized 
from  acidified  aqueous  solution.  The  product  is  a  mixture 
of  hydrates  of  [(CH3)<>l]jIlB2aHia  and 

[(CH,)4NhH2B;oHia. 

These  compounds  can  also  be  written  as 

[  (CHj^N^BuoIfjo 

and  [(CH3)iN]2KB:oHi3.  Tee  elemental  analysis  of  the 
product  is  as  follows: 

Analysis. — Caic’d  for 

[(CH3)4N]2.,3(KsO)023B;aHI9-S.25HsO 

C,  24.5;  H,  11.8;  Id,  7.15;  B,  40.2.  Found:  C,  24.8;  H, 
10.4;  N,  7.22;  B,  40.2; 

EXAMPLE  3 

Magnesium  turnings  are  added  to  a  solution  of 
(NH'4)2B2;-Hij,  the  mixture  is  stirred  ar.d  dilute  hydro¬ 
chloric  acid  is  added  gradually,  A  gas  is  generated  and, 
after  all  the  acid  is  added,  the  solution  is  stirred  for  about 
20  hours.  The  solution  is  now  colorless  and  no  more  gas 
is  evolved.  The  mixture  is  filtered  and  an  aqueous  solu¬ 
tion  of  (CId3)  ..SCI  is  added  to  the  filtrate.  The  white  pre¬ 
cipitate  \vi.!ch  forms  is  separated,  and  recrys;?.Hizcd  from 
water  to  obtain  [(ClL).N]3HB20HiE,  which  can  also  be 
viewed  as  [(CH3)4N1jBkH;3.  The  identity  of  the  com¬ 
pound  is  confirmed  by  its  infrared  absorption  spectrum. 

E.Xj  npies  1-3  Illustrate  the  preparation  or  and 

saits  by  employing  an  active  metal  as  ‘he  re¬ 
ducing  agent.  The  process  is  generic  to  the  preparation  of 
BtoHjj-4  and  its  acid  salts.  Metals  such  as  Sr.,  Al,  Fc,  and 
the  like  can  be  employed.  Tr.e  solution  can  be  neutralized 
with  bases  other  than  NH4OH,  as  described  in  the  para¬ 
graph  following  Example  1 1  to  provide  a  broad  range  of 
suits  of  the  invention.  Similarly,  halides  other  than  CsCl 
can  be  employed,  e.g.,  Nad,  CaCI2,  A1C12-6K20,  MgCI2, 
and  the  like  can  be  used  in  the  process  to  obtain  salts  of 
the  formulas  NaiB:oIIli.,  Ca:B:oHia, 

rAKHsO6]4(B20H1,)3, 

and  [Mg(H2O)6]2B20Hia. 

Any  strong  add  can  be  used  in  the  process,  e.g.,  sul- 
fui.’c,  trifluoroacetic,  trichloroacetic,  benzenesulfonic  and 
benztiephosponic  acid.  Acids  which  will  react  with  metals 
to  rcl.ose  hydrogen  arc  genetically  usefuL 

EXAMPLE  4 

1  A)  A  cold  aqueous  saii.p  m  of  12,6  g.  of  cerium  an- 
ramiium  sulfate  is  added  slowly  to  an  ice-water  solution 
of  3.0  g.  of  (NH4)2B;oH10.  The  reaction  mixture  is  warmed 
to  atmospheric  tempeafere  (ca,  25'  C.)  and  a  saturated 
aqueous  solution  of  (CH;.)4NC1  is  added  with  stirring.  A 
precipitate  forms  and  it  is  separated  by  filtration,  washed 
and  dried.  It  is  shown  by  imrared  and  ultraviolet  absorp¬ 
tion  spectroscopy  to  be  a  mi'ture  of  [(CHj)4N]jBjoHj» 
ar.d  [(CH3)4N]3B;uH;,„  also  written  at 

[  (dfj)  *N]  jHBjoHjj. 

The  mixture  is  stirred  with  acetonitrile  rn4  'If uloJ  Tht 


.AvLuvAat  Jw.ir:  ivSrtr  is-ilS 
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insoluble  portion  is  jH23H|B  and  the  filtrate  con¬ 

tains  t'ne  salt  of  the  divalent  anion.  The  yield  of 
[{CH-,)tN,l;B.uH!9  is  1  DC?.  The  product  is  purified  by  re¬ 
crystallization  front  hot  water  and  dried  under  very  low 
pressure  at  100'’  C.  to  obtain  a  white,  crystalline  com- 
pound  containing  water  of  crystallization. 

Analysis. — Cale'd  for  l(CHj)4N  !3B2;,Hi9'0.51fjO:  C, 
30.9;  hi.  12.1;  N,  9.00;  3.  46.03.  Found:  C,  30.0,  29.9; 

H,  12.0,  12.0;  N,  9.07, 9.13;  B,  <16.9,  46.7. 

The  above  compound,  heated  to  300°  C.,  decomposes  jo 

without  fusion.  . 

(B)  The  process  of  Part  A  is  repeated  except  methyl- 
ammonium  ohlrridc  is  used  in  place  ot  teiiamcthylnm- 
monium  chloride  to  pr*'ciaitatc  tlte  pioduct.  The  isolated 
product  is  dried  under  very  low  pressure  at  IC0°  C.  to  jj 
ubWta  anhydrous  ((CdWKlxICjH.*.  Tlte  compound 
melts  a!  164-166°  C.  with  decomposition. 

Analysis. — Cale'd  for  [(C:H5)3NH]3B^Hi;):  C,  39.9; 

H,  12.5;  N\  7.75;  13,  39.9;  active  H:.  1694  ml./g.  Found: 

C,  40.2;  H,  13.0;  N,  7.63;  13,  39.9;  active  H2,  1685  m!./g.,  ?o 
1653  ml./g. 

The  process  of  Example  4,  which  is  a  one-s.tep  oxida¬ 
tion-reduction  process,  is  generic  for  t’-c  preparation  of 
salts  of  the  E..0Hia-3  anion.  A  wide  ranee  of  sails  can 


be  obtained  by  employing  salts  other  than  the  triaif  ylam-  n.y 
mcnium  hydrochlorides  in  the  final  step,  e  g.,  pyridine 
hydrochloride  will  yield  (CiH,Nbf g!y  fine  hy¬ 
drochloride  will  yield 


Antuy.is. — Cjlc’d  for  Cs,3-t[aO!l*H.O:  Cs,  66,3;  1  , 
27.0.  Found;  Cs,  66.4,  65.0;  B,  26.6. 

EXAMPLE  7 

(A)  The  process  of  Ex.vnp'e  5- A  is  repeated  except 
that  KOU  is  employed  in  place  of  (CH3)4NOH.  The 
product  obtained  is  a  hydrate  of  Kil32JHiaOH,  a  white 
crystalline  solid. 

Analysis. — Cale'd  for  •  H;0:  B,  48.6;  H, 

5.44.  Found :  B.  49:0.  H,  5.14. 

3  The  infrared  spectrum  of  the  above  potassium  salt 
shows  absorption  at  the  folb.ving  wavelengths  (expressed 
in  microns) :  4.1, 9.0,  10.0,  ar.d  12.0. 

(B)  A  so'ution  is  prepared  consisting  of  14.0  ml.  of 

-  0.157  2d  (l!:0)2B2lilli3  diluted  to  a  volume  of  50  ml. 

J  with  water.  This  solution  is  added  with  stirring  tc  a  solu¬ 
tion  consisting  of  50  nil.  oi  water,  0.5  g.  ot  XuH  and 
0.52  g.  of  NaiiH4.  Gas  is  evolved  during  this  step.  The 
solution  is  MTrcd  for  2-3  hours  and  the  yellow  color 

.  disr.r.rtars.  An  aqueous  solution  of  t  CH3)4NOH  '  -dded 

J  and  tiie  small  quantity  of  precipitate  which  forms  sepa¬ 
rated  by  filtration.  The  precipitate  is  by-product 

.  The  clear  filtrate  is  concentrated  by  evaporation  until  a 
solid  separates  in  the  form  of  colorless  plates.  The  prod- 


solid  separates  in  the  form  e:  colorless  plates.  The  prod¬ 
uct  is  separated  by  filtration  and  it  is  dried  to  yield  a 
hydrate  o'f  LfCHjhNhB-U-OH.  The  compound  is  very 
liyeroscopic. 

Analysis. — Cale’d  for  [(CHA,NU»rrHn0H-7H20:  C, 
(ilOccit.NilO.n.-.lL,  28.2;  13,  12.2;  B,  31.8.  Found;  C,  2S.S,  29.1;  H,  1 1.3,  1 1.0; 

VS.SS’f  &,ion  which  *2?  clechiccl  .ohducivhv  cf  ,hc  ,«vc  is  «, 

X  Mu  i.  F ^  ;SrrFi“  ,’«“=«  7SSSSZ& 

EXAMPLE  5  33  mice  of  tiv  solution  as  a  function  n:  the  square  root  cf 

(A)  A  reaction  vessel  is  clatged  with  5.0  g.  of  Ihc  concentration  of  the  salt.  Tits  data  show  that  the 

compound  is  a  1—1  eiccttolyte. 

i(CH3)4N]jBkHij  (C)  A  reaction  vessel  is  charged  with  an  aqueous  solu- 

5.0  g.  of  (CHAiMOK  anJ  sufficient  CII3CN-HcO  mix-  40  iion  of  Na2BvH;8  (equivalent  to  9.44  g.  of  H;B..0H;a) 

‘are  fabout  1:1  by  volume)  to  form  a  clear  solution.  The  an.!  <i  solution  of  3.7S  g.  of  Nr.3H4  in  100  ml.  of  water 


solution  is  heated  to  boiling  and  acetonitrile  is  distilled 
front  the  mixture.  The  yellow  color  of  the  solution  grad¬ 
ually  uispppears  and  a'  colorless  solution  remains.  The 

solution  is  cooied  to  pievai’ing  atmospheric  temperature  ...  ...  - . „ 

(ca.  25°  C.)  and  a  small  quarity  of  solid  product  prccipi-  solution  is  cooled  to  aboil!  0 '  C.  and  an  aqueous  solu- 

tates.  The  solid  is  separated  and  dried  to  yield  a  white  lion  of  (Crf2)4NCH  is  added.  A  white  precipitate  forms 

crystalline  hydrate  of  l(CH3)4N  j4U.  which  is  separated  by  filtration,  washed  and  dried  to  ob- 

(B)  A  reaction  vessel  is  charged  v.’itli  1000  ml.  of  water  tain  [(CH3)4N]4B20HnOH. 
and  155  g.  of  [(CH3)4Nl2132.Hli;.  The  mixture  is  heated  .  A  portion  (0.5  g.)  of  the  above  compound  is  dissolved 
to  boiling  to  form  a  solution  and  6!  g.  of  i  0  in  write  and  3  ml.  of  concentrated  hydrochloric  acid  is 

(ru  v A,v  ...  -  added.  Tlte  white  precipitate  which  forms  is  separated, 

'  -n3t4.  u n-cttjvJ  washed  with  water  and  methanol,  and  dried.  The  product 

is  added  with  stirring.  The  solution  is  stirred  for  3  hours  is  a  mixture  (approximately  ccuimoh.r)  of  „c:d  salts  of 

at  the  boiling  point.  The  solution  is  filtered  while  hot  and  __  the  formulas  [(CH3)4N]3HB23HnOH  and 
the  filtrate  is  allowed  to  ccol  slowly  to  atmospheric  tem-  !’5  f.rit  v  mi  H  p  u  „on-H  O 

perature  with  intermittent  filtration  to  remove  the  preei-  [(CH3)4NkH:d_.Jrit.Uiri  H-U 

pitatc  as  it  separates  in  stages.  Tlicre  is  obtained  as  the  which  can  also  be  viewed  as  salts  of 
first  crop  of  crystals  151  g.  of  .  [(CHahNkB^HnOH 

[(CH3)4N]4B20H,7OH-H2O  c0  anJ  l(CH:)»S]s(H1O)B10H:j0H.  The  group  (H-O)  tap- 

and,  a  the  final  crop  of  crystals  at  atmospheric  tempera-  resents  a  hydrot.ium  ion  cr  hydrated  hydrogen  ion. 

.  tire,  4  g.  of  the  acid  salt  [(Clf3)4N]3B20HiBOH.  The  Analysis.— Cale’d  for 

'  latier  compound  is  recnstailizcd  from  hot  water  and  [(CH3)4N]3  5(H3O)c5B20HiaOH: 

dried  under  reduced  pressure.  Tlie  infrared  spectrum  of  ev  *'»  jh.s 

. the  compound  has  a  stiong  absorption  band  at  1800  cm.-1  05  C,  25.9;  H,  1 1.3;  N,  7.5;  B,  46.6.  Found:  C,  26.5,  26.3; 


containing  2  g.  of  NaOH  is  added  with  Stirling.  Several 
color  changes  in  the  solution  t  re  observed-in  this  opera¬ 
tion  and  a  gas  is  evolved.  Tr.e  •elution  is  stirrea  10  hours 
at  prevailing  atmospheric  tem :c nature  (ca.  25°  C.).  The 


(5.4;;)  showing  a  B — H — B  bond. 

•  •  U  Italy  sis. — Cale'd  for  [(CH3)4N]3B;cH:iOH-H:0;  C, 
30.4;  H,  11.4;  N,  8.96;  B,  44.4.  Found:  C,  30.5;  H,  11.2; 
N,  9,15;  B,  41.5. 

EXAMPLE  6 

The  process  of  Example  5-A  is  repeated  except  that 

CjW.T  ri  J’TiployFd  i  i  plaiV  of  fCHjlj.NCH  Thj  yrwlnrt 
obtained  is  a  hydrate  pf  Cs4BM2-f17OH,  a  white  crystalline 
solid. 


H,  11.3, 11.1;  M,  7.9,  8.0;  B,  48.9,48.9. 

EXAMPLE  8 

(A)  A  concentrated  aqueous  solution  (10  ml.)  of 
70  H3B,.H;b  (approximately  15  moles  of  H30  per  mole  of 
acid)  is  titrated  will:  hydrazine  hydrate  (NH2NH2-H30) 
until  the  solution  is  basic.  The  solution  becomes  warm 
rfi-rtn-4  q.e  It  4*  wW  n  prenyl1  r  J"'  n ■' V'1 '' 

temperature  (.about  25°  C.)  and  white  crystals  form.  The 
75  crystals  are  s.-paraled  and  dried  under  reduced  pressure 
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at  1  ro*  C.  to  obtain  (NH;NH3)<B»H13OH.  The  identity 
of  the  comp.'Jiul  is  cu...irnicd  by  its  infrared  absorption 
..foctrum  rod  bv  elemental  analysis. 

-CiteVI  '<t  N,  2914 

H,  10.0;  it,  56.;.  Found :  N,  28.8;  if,  iO.O;  B,  56.8. 

(it)  Approximately  0.5  g.  of  [ (C;H: ),  NH EB-oHia  and  " 

1  ml.  of  an:iyi!|.-ns  :.>d.\i/i.-.c  (99 -f-  purity)  are  mixed  in 
a  ves-'cl.  fka  mi’.lme  is  wanned  under  reduced  pres¬ 
sure  until  the  l:y-pfi>Ju,f  triethylr  mine  and  excess  hy- 
it-wir*  w  •*mr**4  %  >  Mr  '*  •’  I1  -■  rs-os - fr:i 

which  is  (NH;NIf,)4:J:iif1;OHt  xvith  hydrazine  of  ciystal-  10 
lization. 

(C)  Approxinnlclp  0  5  u.  of  I C. Tf»,)jNH1jB»  H8 
(prepaid  ns  dcwriVii  in  Example  4-13)  is  dissolved  in 

I.  2-1.3  i;»l.  of  anhydrous  hydrazine.  The  solution  is  pro-  j5 
cessed  ax  described  in  Part  A  above  to  obtain 

(NH,NI!j)4R;oHnCH 

eont.iir.i  i?  hydr.  zinc  arid  w.uer  of  crystallization. 

( 15 )  S.itllci.-n  bydr.irine  (95rc-|-)  is  added  to  a  hy-  20 
dratc  of  the  acid  of  if:  divalent  anion  (BmHi8“!),  pie- 
p.vc.l  de'crii.cd  in  1'x  imple  13,  Part  13,  to  form  a  solu¬ 
tion.  the  lolalion  is  -ilo.v  and  it  is  heated  on  a  steam 
bi'li  (,-ik-iix>*  r.).  Ides  form  in  the  solution  and  the 
yellow  color  disappears  in  about  10  minutes,  'flic  mixture  25 
a;  this  si. ice  is  a  'ululicn  of  (NH;NM3)4B:jjHi3OH  in 
hydra.-ine. 

T1  e  solution  is  diluted  wi'h  water  and  aa  aqueous  solu¬ 
tion  of  UNO,  is  added,  the  precipitate  which  forms  is 
sopar  iled  and  dried  in  _lr  to  yield  Ti4B;  If. -Off.  The  com-  20 
pound  is  a  white  crysMllirc  product  whose  identity  is  con- 
IirmeJ  by  its  infrared  absorption  spectrum. 

The  compound  (Mf;NHj)4B;0lii;CH  is  conveniently 
i-t  ‘>iVifi  In  ftyJiiziiie  from  wMr'j  h  -mi  V 
isolated,  if  desired,  as  a  white  crystalline  solid,  by  evapora-  35 
trn  of  il  c  hydra/ine.  the  identity  of  the  product  is  con¬ 
tinued  by  ilemeatnl  *,nn!ysis. 

A nahvs. — C.de'J  Nr  jNH.NH,)4U  ..,11^011:  13,  56.3; 

N,  29.2;  II,  10. 1.  Pound:  it,  56.9,  56.8;  N,  28.7,  2S.8;  H, 
10.0.  40 

HyJr.irJic  solutions  of  (NHjNHj)4B;-,H: jOH  contain¬ 
in'’  up  to  .' 0' o  or  more  by  weight  of  the  salt  are  stable 
compositions  having  a  high  boron  content. 

lixampl-s  5-8,  inclusive,  illustrate  the  preparation  of 
salts  of  IN-H.-OH-1  anion  employing  a  strong  base  as  .Jo 
the  reactant.  11. c  process  is  generic  to  the  preparation  of 
Il;.,]Ii,OM-4  salts,  employing  any  strong  base  as  the  re¬ 
ducing  anj  hs.Iroxylating  agent  and  any  suit  of  a  divalent 
eicosaborate  anion,  e  g.,  the  salts- of  Example  B,  Parts 
A-C,  in.dusi.c.  Operable  bases  include  alkali  metal  hy-  50 
dioxides,  a  ...iTifii  c .u iT:  Oicml  T. yui u.-. id-. ,,  qi  iileln.ii?  am¬ 
monium  h\  Jirsides,  tri-substituteii  sulfonium  hydroxides 
and  icti  •-'iiovtiiiitctl  phosphonium  hydroxides.  In  the 
opcratioi  r  t  the  process,  the  solution  is  preferably  he. ted 
until  th  •  •  i  How  color  disappears,  generally  at  a  tempera-  55 
hire  of  5t  -!50*  C. 

.'■sample  9,  which  follows,  illustrates  an  optional  and 
indirect  .i.uhod  fer  preparing  con, pounds  bearing  a  hy¬ 
droxyl  group.  In  this  method  compounds  bearing  an  — OR 
subs'.’tucnt  arc  reacted  with  aqueous  HI  solution  to  cor.-  CO 
vert  the  — OR  group  into  an  — OH  group. 

EXAMPLE  9 

The  product  from  Example  10,  Part  3,  is  dissolved 
in  water  and  aquious  hydrogen  iodide  solution  is  added.  65 
The  mixture  is  heated  lo  boiling  fer  a  short  time,  aqueous 
(CHj)4NCI  solution  is  added  and  the  mixture  is  cooled. 

Ida  precipitate  which  fernn  is  separated,  recrystailized 
'  f  om  water  and  dried  under  reduced  pressure  to  obtain 
a  mixed  ccsium-tcttamcib,l;,ininonium  acid  salt  which  is  70 
principally  Cs[(CH3)4N1:HB;o1I17OH,  or  alternatively, 
CsrfCHjjjs'JjBjjH-.jOr1.  The  identity  of  the  compound 

is  cuiifii  nit.  j  Ly  hs  inli.licd  aNu. pliuii  .-^eetiUuK 

Example  10,  which  fol'ows,  illus  rates  the  preparation 
of  compounds  of  Formula  1  in  which  X  is  — OR.  75 
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EXAMPLE  10 

(A)  A  reaction  ves  el.  fated  with  a  reflux  condenser 
and  stirrer,  is  charged  .sit!  20  g,  of  [(CH3)4N]2P20Hi8 
and  Stihlcienl ’aeclui.iti  ilc. let'll  J.iul  iia.d.Cie  (3/3)  30  buTUi 
a  solution.  1  he  solution  s  heated  to  toiling  and  sodium 
melhoxide  is  added  in  excess  with  stirring.  \n  orange- 
co'ored  gum  forms,  the  solution  is  cooled  and  the  gum  is 
separated.  The  gum  is  diuolved  in  hot  water,  the  solu¬ 
tion  is  made  acid.  .  olcu  and  a  white  crystalline  sob'd 

piecipio-ics.  Vbi.  --t/'id  la  w.  painu.it,  ysialliicd  agriTl 

from  acidified  water  and  dried  under  reduced  pressure  to 
obtain  the  acid  salt  f tCH3)4N]3B2i)H;tCCH3  which  can 
aho  be  viewed  as 

Analysis. — Calc’d  for  above  salt:  H.  11.8;  N,  8.61;  B, 
44.3.  Found:  H,  11.7;  N,  8.22;  B,  45.8. 

(13)  Employing  the  procedure  of  Part  A,  Cs2B?()H18  is 
reacted  in  aqueous  solution  with  sodium  metho.xide  for 
2-3  horns  to  obtain  a  pn'c  orange-colored  product.  The 
product  is  purified  by  crystallizing  from  water  to  which 
a  small  ouantitv  of  CsCl  is  added.  The  compound  is  the 
acid  salt  Cs3B:0H16OCH3. 

The  acid  salts  obtained  in  Parts  A  and  B  of  Example  10 
can  be  used  to  prepare  solutions  of  the  acid 

H4B20H„OCK3 

by  processes  which  will  be  described  later  and  the  acid 
solutions  can  be  neutralized  completely  with  bases,  e.g., 
(CH;)4NOI-I  or  CsOH  to  obtain  [  (CH!)4>:]4B20HnOCH, 
and  Cs4n:iii!;OCH3.  respectively. 

The  process  i.f  Example  10  is  gc  eric  for  the  prepara¬ 
tion  of  compounds  of  Formula  1  in  which  X  is  — OR.  To 
illustrate,  N...  H?„K|g  esn  be  reaelcd  with  MaOCgHj  to  ob¬ 
tain  Na43-ii'.7GC«Hj;  Kj!32l,Hi8  can  be  re.,cted  with 

tf.( liA * 1  -  .1  uhiv-'n  k'..l_;.i'  nfVMi  -•  r4j  rtsi  t< 

reacted  with  NaOCcH-,i  to  obtain  >;a4B20' liiOCtHni 
[(CII3).NhB;3H;,  can  be  reacted  with  NaOC,H5  to  ob¬ 
tain  f  CCI-fj) 4>7 |*I8a.-l-f. jOCfcJIj,;  Li2-3--.H,j  can  be  reacted 
with  I.iOri;H;3  to  obtain  Li-B-sH^OCuH-j;  and  the  like. 
The  acid  salts  can  be  obtained  as  intermediate  predicts 
ns  illustrated  in  Example  1 0,  eg.,  Na3B23lfi8OCjIl5, 
K,BaHs4OC*Hl7,  Na3n;:.II18QC6H,lt 

t(ai,)«Nl,BaKllOC€H» 

I.i3B;oH,sOCI2H22,  and  the  like. 

Compounds  of  Formula  1  in  whicli  X  is  — NH3  are 
obtained  by*  reacting  a  sr.lt  of  the  divalent  octadccahydro- 
cicosabornte,  e.g.,  with  an  alkali  metal 

amide  in  liquid  ammonia.  The  procedure  is  closely  related 
to  the  process  described  in  Example  S  for  the  preparation 
of  — OH  substituted  compounds.  To  illustrate,  a  solution 
vt  K..M1N  In  Tquld  ..mu  uuia  is  pffVr-'eJ  *if<$ 

WU&uPu 

is  added  gradually  with  stirring.  The  solution  is  stirred 
until  the  liquid  ammonia  is  substantially  evaporated  and 
the  rcs'due  is  warmed  to  dryness.  Unrcacted  NaNHj  is 
destroyed,  for  example,  by  careful  addition  of  absolute 
ethanol,  and  the  remaining  crude  product  is  processed  by 
dissolving  in  water,  adding  (CH3)4NC1  and  separating  the 
precipitate  which  is  l(CH3)<.'s]4B2;H;-NT-li.  The  acid 
salt  can  also  be  obtained  in  the  process,  e.g. 

E(CH3)4N]3B2CHI8NH3 

Acids  of  the  formula  H4BMH17_nXa,  i.e.,  compounds 
of  Formuia  1,  where  M  is  hydrogen  (or  hydT.nium),  are 
obtained  by  contacting  salts  of  the  trivalent  4,r  ’.ctravalent 
eicosaborates  with  a  strong  acid,  preferably  r  .  acid  ion- 
exchange  resin.  To  illustrate,  au  aqueous  soluflc.n  of 

(XHi)4P.>0H,» 

p-cnared  as  d  ?sc  f bed  in  the  first  step  of  Example  1  is 
d  rf’-ouif  9  c  ■bull-’  Jlbi’il  wJlh  '!  n  ttinlll  -fik'  Enr- 
exchangc  resin  ot  the  cross-linked  polystyrene  sulfonic 
aciu  type.  The  aqueous  effluent  is  a  solution  of  H4B2,3Ht| 
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which  can  be  evaporated  to  obtain  a  hydrate  of  the  acid. 
The  5oI.itia.-i  can  be  r.cutrrlizcd  v,  i.h  a  base,  e.g.,  LiOH 
and  cv3pnr.:!v-  I  to  iii\T,-*>i  to  obtain  a  salt,  eg  ,  Li-D-Hn- 
The  process  is  dc'crthc  !  in  note  detail  in  Example  11  for 
tic  [-rep.',  ration  <'t  lf.INdli-.Cil.  Beth  neutral  and  acid 
;a.ts  llor.ntf  n  1.’/]  tan  be  used  in  the  process  to  yield  ® 
tcira-basic  acids. 

EXAMPLE  11 

An  .-.queens  ‘ohsCon  of  1  (nfj\NUR:;H.,CH,  pre-  io 
'  ,rc'i  • :c  :1 1 coin;* .nir.il  ni  Ex.unplc  5,  Fait  A,  i.  passed 
,  11  "  c.i'amn  d  .need  . i i h  a  to;nt):crcird  a; id  ion- 

eseban  *e  r.-'in  c.f  t’.e  fa!>  ivrtr.e  sttifonic  acid  t'T.e.  The 
is  -  n  ^hiiion  of  iLlF-H^ON.  "he  soli- 

t:on  is  raised  .tub  i.ri  r.qecoi'*.-  solution  of  CttC'  rnd  the  15 
s.bt'.e  prec-pi:  ■  tc  s.hie.'i  forms  is  reptr.-.cd  by  ..s:  trillion, 
i '  c  I  ri'E'e:  i;  a} '-t  tiii.e.l  from  hot  water  to  obir.i.i  tefra- 
o. ..ih\t!u,!:i>'.  oiiv,r;f>\y(\cosr.boralei4-). 

I.yiV  r.— C-.lcM  tVr  «■  •.it  '.lM-.OlT:  C>.  67.!};  B,  27.6; 

II.  -.57.  i  >  ci. it:  Cs,  I.;,.-;  It.  .17..};  If,  2.70.  20 

i  ib  l  citr.  •«  for  (be  ..ti  t  >r,il;aHlc  and  H,i  ijITitOH 
i,a  tif.is  ••*!  '•■o.t  s.-'j-.v  ih.u  in  each  acid  tht  te  of  the 


Bass  or  salt  reactant 


20 

TABLE  2 — Continued 

Po  jyborote  sUt 


CHr-CITi 

p,i,frail"a . m.i/ 

Ncnr-ctrf 

CH,-C!T, 

Mfpiioii'io . ic/  \ifii,Tj*rr„ 

n  i,  Ml,  -  NCH,-Clti 

.  (CnHrMirOPJaa,, 

V, .  ■'tiKMiiiiimisii,.), 

Ci'l.V!l,?..Ctir!i .  CriNIM.CIiti-iIfi, 

[Co(NIl,'}Ii;0;cti .  C.VA  V 1 1  iip  !;i  i  V  Bntl,.), 

,  CoiNHilfHOtiOirllii 

[Cu(NIt..).|aOiII;0 .  CuiNIiPilr.tvi,,, 

,, .  cuiniwi.  n-it„), 

^‘  h.-sCt .  (CilI,1,S  ,!:s.n„ 

(CdlsM’tSr . . .  {C:!u)<  1-1: ti  t ij.i 

Kcuoii’c.iid’tciiiidni-i .  (cnibiM.y.hr’rciiibiiBjsifii 

C-oiNK: .  lCftIi\‘Hw!l.«Ui, 

licit.  I:.s\  It, id . |(Ctri):N.'.-:!.!irt-.rTi, 

. (ctiiNirs  ii:cii,'in-nn 

CcttjMIMI. .  iC<HsNl!N'l!i;.IJ:iU|| 


^•sdit-rcns  ..te  'tro-f.y  .  e  .he.  1  he  fourth  hydiog  at  ioniy.es 
!:  .s  rc.uit'v  ,n  up  i ] , : c •:  an.1,  its  icni/nito'i  constant 
s  m  tie  fi't  e  ot  a  -a  i . .  *•  r.cM.  I  he  ictai  -oiit.ne  of  a 
•  f.i::.. .  r.l  . i  .'••  dto ..do  -.dttiion  lived  a*  'he  first  in- 

■  'n  romi  t;  11  i)  in. i  I'traiion  cut  vc  is  t.ueefourihs 
of  t.c  artcM-r  !'„!::t;  ’  r.hmte  tor, I  ;i  t  ;!y;  'ijuad  i-llleelion 
poi.it  (pil  v).  lb  di  neutral  and  acid  salts  of 

liojili!  -nX'n)-4 


.  lCu(.MIt,).|SO,  E.O . 

(CillASCI . 

(Crltjiil’tlr. . . 

l(CUit,l’CJId‘iCtIi):]nri . 

C:UiN  It- . 

licit:  i;\\ iran . 

CI'.NKNtiClIi . 

J  1C,  lilt,  sot, . 

. 

nOCiHA'iti . 

CICjttiNlfi . 


Nrtj(i:H:bC00ir... 
23  XILCiIl.COOH.... 

Oi*nn!<ti'io . 

tr:N(cn;1,N!l. . 


ICillPiSM':  II„ 

|.V!r:,C;ll(N:;,i:C!irtN’II:in:oII„ 
(tiOf';II(N!,..'.,U.,ll„ 
lItOIt:lI,N.'i  linll,, 
(ClCdhNthl.iU.flln 
(l.’ICiHiN’t  I:  ..ll-ltii 
l.S'lliiCH.a'aj'miin-tli, 
(UOOCCi.'iifri!i),!t;dIi, 
(ItOOCCi.'li.sTilOjIhrU,, 

(Uujiildiir.um.iltnUi, 

( i ! :un  iliiilinitiil.'ilti, 
lll).V(Ctl:'iXU:!.U!iiri, 


(fi.111,11  y i.  it  in  ticiurni  ttnu  acid,  salts  of  tT  „  „  .  Tr  _  TI  .... 

2q  The  acids  and 

UoH,;.nXn)-4  H4Bf3HnOR 

ariorts  can.  tbeufore.  I  e  ohtai.-.rd  bv  con'iol'ed  nen trait-  w-er«  R  i?  defined  as  in  Formula  1,  can  be  employed  in 

•  '  o»  %  *»  fdu.  t T-.  !,  3u  ...1,1.1,  ...iuJou  of  ,ai*e  °f  In  m  1  ft*  MM  -I  *k* 

i'VJr.H;!  is  tur.k-d  v.ith  cn  aqueous  soiulicti  c£  C'OH  35  c3rr';sP°nd!nS  anions. 

u:.:d  thr-f  i.f  f  ,0  J.or,.M  ;0.as  are  iteutrallaed  as  shown  Me  tut  he  tic  reactious  other  than  neutralizaiion  of  the 
by  a  til, aia- 1  curve  /  n  ..ivuot  portion  of  the  solution  is  :ici'js  cai1  tc  cnlP'oycd  to  obtain  the  compounds  of  the 

ri.i'..vai  it  and  i’t  is  evapoanad  io  drvness  to  invention,  as  illustrated  in  Examples  1-10.  To  illustrate 

obtain  a  hydr.de’ei  t.'.;  f;,|t  Cs-Iihi.H.j,  which  can  fu.r*cr'  (CH:)r.SI  dan  b«  reacted  with  NatB;iadIS  to  ob- 

ah.o  lc  wri",*,)  coiivcri.ittlv  ns  the  hvdrr't’e  of  Cr3BtiHn.  40  ^j11  C(CHj)jSJaU»H,8;  MjjCIj  can  be  reacted  with 
F  e  rcniatii  .tu  portion  of  the  soltttioa  can  be  titrated  with  -mS:s‘‘13  to  obtain  tl'.iy(l-i;,J)tij;ij;3'li;:;  (C6Ft5)3CH3tT 

an  piqi.cous  -o  jti  in  c£  a  second  base,  if  desired,  e.g.,  caa  rcaclcti  v-'i'i*  C I- •’ H 4 ) H . 3  to  obtain 

{JJf®1'  *‘J  uettlrjliye  the  fourth  acidla  hydrogen.  [(QHsJsCHjPJiBaH,, 

=  ”  ,r  lCC^i:.bCK:cH:PtCH:))3]I3  can  be  reacted  with 

li.Mmr'e  i  ^,t.;0rT,a  -S3(C*;?)4lS¥>  m  4"'  N34B*H1S  to  obtain  [(Ci^ljPChACHrPfCHjlslzB^M,,; 
ivi  '!  '.h''"ICS  ?  p.cp.ira.ton  o,.  the  acid,  aminoniocal  Zr.Cl2  can  be  reacted  with  CSiB-0rI„OH  to 

’uv  siin-*  *  r  u  !!'  con'V’rs:on  10  anti  neutral  salts  obtain  [Zn(NH3)4]:B„H17OH  and  the  life, 
cf  c'ccrn'i-r'  .tic  rcac;|fns.  N’euiralization  of  the  acids  Tetravalent  eicosaboraie  aniens  of  the  formula 
ir."abr ,,  y'"105  r  a  tl-'^-'ric  lend  versatile  means  of  obtain-  (B;oH:3_aXn)-<  form  neutral  and  acid  sails  with  natu- 

»  dls  wli-  -’i  '  T-'ble  2  iilurlnitcs  representative  j0  rally  occmring  nitrogen  bases,  e.g.,  lysine,  aspartic  acid, 

r.c 2  S®  C'br-tir.ed  from  a  typical  acid  of  the  in-  eyslsii.e,  aspaiughie,  and  the  like.  The  acids  of  anions 


rir.oas  can.  then-fore,  1  e  ohlair.rj  by  controlled  nculrali- 

i.  r  l  L’-  -  •  ».£  I  '«•••-»->  ,  •  , 

w  •  *  j  7T,a%Tr.rrt  JiT  iuTuSJul*  .'aiuuOii  Of 

l!i’dr.ll:,  u  titr.ted  v.ith  ,;n  aqueous  soiulicti  cf  csoa  35 
u:.:. 1  t.ir-.-r  c.f  the  ’is  J.oy..'n  torts  arc  neutralized,  as  shown 
by  a  Iibat’o  i  curve  /  n  .li’.atot  portion  cf  the  solution  is 
rt.iv.-cii  !:.:•>  and  it  is  evapoarted  to  dryness  to 
o.-..un  a  i'c  of  tie  .\;.l  ralt  which  can 

aoo  1  c  wri"..-,)  cot.vcri-.istlv  as  the  hvdrrte  of  Cs;B,,Hn.  40 
F  e  fcmati.'.tu  portion  cf  site  solutioa  can  be  titrated  with 
aa:iT-cc-us  -0  him  c£  a  second  base,  if  desired,  e.g., 
,£.1,), Non,  ;o  neitlrjliye  the  fourth  acidfa  hydrogen. 

V  . •»  . . M  T'f-twtss  to  «kasu,  as 

=  “idrate.  a  c  of  the  formula  Cs3(CI7;)4NBj0Hi8.  45 
H  r '  'Tr  -C.  "  |1,J  preparation  of  the  acid, 

,  *  J.:  '  -uid  its  conversion  to  acid  and  neutral  salts 
U'r  a  cl iihclic  reactions.  Neutralization  of  the  acid.s 
•  c‘c.°  ■ilf  rr-lc5  ir  a  p ;n:ric  end  versatile  meacts  of  obtain- 


'•‘Cntion  i  ,1  -  »  iiimi  u  ivptcai  aciu  or  me  in-  cysiwne,  aspauigniB, 

si.o  '  c;'  by  reaction  with  the  base  or  salt  of  the  formula  (B;,, 

■  ,  J;  _  •*“  COltmio.  Other  acids  of  the  inwer.lion  sails  with  polymeric 

r*xe;tc  anion  of  Formula  ]  can  be  u-ivl  wilth.  rr  £cn  groups,  e.g.,  1 

••  or  sill  reactant  of  Tabic  2  to  obtain  the  corrc-  styrene),  and  the  like, 

rpording  sails. 


of  tile  formula  (BjijH)S_nXn)“'  form  neutral  and  acid 
sails  with  polymeric  compositions  containing  basic  nitro¬ 
gen  groups,  e.g.,  po)y(ethyleneiminc),  poIyCp-atnino- 


_ tuii.k 

Ur»<*  or  «Vl  r<'artnnt 


vKLT3  FROM  HiBnHn 
_  folyborate  salt 


.  , ,  - 

. 

lU-Oll .  V‘"aii„ 

. IJ^iUaHi, 

MrO  HbiP.rH,, 

. . l;-,u;;bo)t;:nKn„ 

CaCJOu .  lp!aILO)ihCIi2.rl,0, 

. 

T.«ciu . 

MnCl . 

® . 

*,u" . . 

Tbnr, .  Vb.‘n'1l’ 

. (Pauu"i:.n,v.PsHl, 

Mt . 


UTILITY 

The  invention  provides  a  broad  class  cf  new  boron 
compounds  which  find  applications  in  many  fields. 
co  The  compounds  of  the  invention  are  gcncrically  useful 
as  impregnating  agents  in  the  preparation  of  resistors. 
To  illustrate,  a  section  ot  a  cotton  siting  is  immersed 
in  a  nearly  saturated  aqueous  solution  of  Cs4B;cHj7OH. 
The  string  is  withdrawn  from  the  solution  and  the  solvent 
C3  is  removed  by  drying  in  air.  A  free  flame  is  applied  to 
the  dried  impregnated  string  and  it  burns  to  yield  a 
coherent  ash  which  in  size  and  shape  resembles  Ihe  orig¬ 
inal  string.  The  residual  skeleton  is  of  sufficient  coherence 
t0  permit  embedding  in  paraffin.  The  section  of  residue, 
,0  so  treated,  shows  a  resistance  of  about  3000  ohms/cm. 
The  residue  from  a  control  section  of  string  is  very  small 
and  shapeless  and  it  cannot  be  handled.  Rest'd  ;es  rhow- 
ing  a  high  resistance  can  be  obtained  from  other  com- 
pounds  of  the  invention,  e.g., 


I— WfrWW'll11* 


3,446,604 
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The  hydrazine  sails  and  their  solutions  in  a  hydrazine 
are  useful  as  propellants  hi  rocket  propulsion  motors. 

They  cun  be  used  alone  or  in  combination  with  oxidizing 
agents,  e.g.,  nitric  acid,  fluorine  oxide,  and  the  like,  lo 
illustrate  combinations  can  be  employed  wlncn  include  c 
(NH,NH3)feHi8  in  hydrazine  or  in  N.N-diir.cthyiliy- 
drazine,  (NH:NH3)3r>,0H;5  in  hydrazine,  mid  the  like. 

In  compositions  as  described  above,  the  eicosaborate  salt 
can  be  present  in  from  about  5-50‘,e  by  weight  of  the 

solutions.  ...  ,  „  10 

All  of  the  salts  which  fall  within  the  scope  of  Formula 
1  can  be  used  to  prepare  the  group  of  acids  represented 
genetically  ns  H^iJIn.A  or,  in  aqueous  solution  as 
(HjOI.VH.iVa  by  passing  aqueous  or  alcoholic  solu¬ 
tions  of  the  salts  through  an  acidic  icn-c.xcnange  icsin  15 
as  described  earlier.  The  acids  of  this  group  arc  stiong 
acids  and  tiicy  arc  gcncricafly  useful  in  industrial  applica¬ 
tions  where  it  is  uesireu  10  avoid  cusi’.r.uirisH 
sulfate,  chloride,  bromide,  chlorate,  phc.spnaic,  and  li-e 
strong  arid  anions.  Thus,  the  acids  arc  useful  for  etching  20 
metals,  such  as  steel,  and  for  rust  removal,  for  pickling, 
for  scale  removal  and  for  similar  metal  processing  opera¬ 
tions.  .  „  r  „ 

The  acids,  described  aboic,  are  gcncrical.y  useful  as 
catalysts  in  the  preparation  of  esters,  e.g.,  in  the  reaction  25 
of  alcohols  and  organic  cirboxylic  acids,  to  improve  the 
yields  of  the  desired  caters  Ihe  acids  of  the  invention  aie 
employed  for  this  purpose  in  the  same  manner  as 
p-toluer.csulfonic  acid,  sulfuric  acid  or  alcoholic  .hydro¬ 
gen  chloride.  ,  30 

Aqueous  solutions  of  the  acids  are  generically  useful 
bi  ..f’puts  for  absorbing  noxious  basic  materials  fiom  the 
air,  e  g.,  traces  of  ammonia,  lower  alkyl  amines,  and.tiic 
like.  To  iilus'rate,  air  contaminated  with  methylammcs 
can  be  passed  through  an  aqueous  solution  of  II fell  13  35 
and The  umiiiws  Mu  mneved.  , 

All  of  the  compounds  of  the  invention  are.  generic  ally 
useful  as  components  of  fireworks  compositions  to  im¬ 
part  a  pleasing  erdor  and  sparkle  to  the  display,  e.g., 
(NIIOfeH.s,  (NH4)feHlc,  Cs&xfltt,  aa«  ii,:,e  saUs>  40 
such  as  the  strontium,  magnesium  and  cobalt  salts,  can 
be  used  in  such  compositions.  Each  compound  within 
the  scope  of  Formula  1  contains  an  anion  which  has 
boron  as  a  common  component.  The  presence  of  this 
clement  imparts  a  green  color  to  a  fireworks,  rocket  or  45 
flare  display.  The  compounds  of  the  invention  can  have 
a  wide  rrige  of  cations,  designated  as  M,  and  it  is  thus 
possible  to  provide  a  broad  range  of  colors  in  any  dis¬ 
play  or  Hare  by  choice  of  the  appropriate  cation.  The  ^ 
compounds  of  the  invention  can  be  used  in  combination  50 
with  oxidizing  agents,  e.g.,  lithium  perchlorate,  sodium 
nitrate,  potassium  permanganate,  strontium  peroxide, 
manganese  dioxide,  and  the  like,  to  provide  the  desired 
propulsive  eiTcct  and  color.  The  folloing  combinations  ^ 
in  which  the  boron-containing  compounds  of  the  inven-  u5 
tion  can  be  from  5-25%  by  weight  of  the  composition 
are  illustrative  of  the  compounds  which  can  be  used: 

NaNOr(NH4)feH,» 

LiNOj-CsjB-oH.j 

SrCl2-N  aNOa-CajBioH  nOH 
LiCKVMgfeHrjOCHj 
NA1NO3-[(C4H9)4P]3B:0Hii1OC2H5 
SrNT)3-t(CH3)2NHNH3]feH„CH 
and  the  like. 

As  many  apparently  widely  different  embodiments  of 
this  invention  may  be  made  without  departing  from  the 
spirit  and  scope  thereof,  it  is  to  be  understood  that  tins  70 
invention  is  not  limited  to  the  specific  embodiments 
thereof  except  as  defined  in  the  appended  claims. 

The  embodiments  of  the  invention  in  which  an  exclu- 
xivr  fhtpuFy  ,.r  .rivileee  is  claimed  are  defined  as  fol-  ^ 
lows: 


1.  A  compound  of  the  class  consisting  of  H<B:oH.  3_nXn 
and  salts  thereof,  wherein  X  is  bonded  to  boron  a:id  is  of 
the  class  consisting  cf  hydroxyl,  aliphatically  saturated 
hydrocarbyloxy,  and  amino;  and  n  is  a  cardinal  number 
of  0  to  1,  inclusive. 

2.  A  compound  cf  the  formula  Ma(Bj0H18_TiXn)b 
wherein  M  is  a  cation;  X  is  of  the  class,  consisting  of 
hydroxyl,  afiphatically  saturated  hydrocarbyloxy  of  up 
to  12  c.-.rbon  atoms,  and  amino;  n  is  a  cardinal  number 
of  0  to  1,  inclusive;  and  a  and  b  are  the  smallest  whole 
numbers  satisfying  the  equation 

ax  valence  of  M 


b~- 


5.  A  compound  cf  claim  1  wherein  11  fe  hydrogen,  a 
is  4  and  b  is  1. 

4.  A  compound  of  claim  3  in  hydrated  form. 

*  1.  uynu’xi  i_/  th«*  formula  M,<1  HB2.|HLr_flXR)b' 

wherein  M  is  it  cation;  X  is  bonded  to  boron  and  is  of 
the  class  consisting  cf  hydroxy,  aliphatically  saturated 
hyd.r.ev.Tbylaxy  of  up  to  11  ember,  atcus,  and  surd?  o;  « 
is  a  cardinal  number  of  0  to  1,  inclusive;  and  a'  and  b’  are 
the  smallest  whole  numbers  satisfying  the  equation 

, ,  a’x  valence  of  M 
6= - 3 - 


6.  A  compound  of  the  formula  Ma(B:o!His)b  wherein 
M  is  a  cation,  and  a  and  b  are  the  smallest  whole  num¬ 
bers  satisfying  the  equation 

nr  valenre  of  M 


b=- 


tf  \  rnmr.  p'wi  tsf  claim  6  wherein  M  is  hydrogen, 
a  is  4,  and  b  is  1. 

8.  A  compound  cf  claim  7  in  hydrated  form. 

9.  A  compound  of  the  foimuln  Ma.(HB33Hia)b'  where¬ 
in  ?.l  is  a  cation,  trad  rs’  and  b‘  ms  the  ctualieU  whole 
numbers  satisfying  the  equation 

, ,  a'x  va'cnce  of  M 

b  —  o’ 


10.  (hWilfeHu. 

n.  (MHOsHBaH,,. 

12.  Cs4B23Hi8. 

13.  [(CH3)4N]feHls. 

14.  [(CIWfLHBMHrB. 

15.  A  process  for  preparing  a  compound  of  the  formula 
Mn'(HB20Hij)b'  wherein  M  is  a  cation,  and  a' and  b‘  are 
the  samlfest  whole  number:  satisfying  the  equation 

a’x  valence  of  M 
3 

which  comprises  reacting  a  compound  of  the  formula 
Ma..(B,0H,0)b”  wherein  M  is  defined  as  above,  and  a' 
and  b"  are  the  smallest  whole  numbers  satisfying  the 
equation 

_ a 'jr  valence  of  M 
b  -  2 


b'-S 


00 


05 


with  an  oxidizing  age  >.t  containing  a  variable  valence 
metal  in  its  highest  v.  '.ence  state,  said  oxidizing  agent 
having  at:  oxidation-re  luclion  potential  in  acid  solution 
of  about  -1.33  to  about  —1.61  volts,  in  a  hydroxylated 
solvent  at  a  temperature  below  20"  C. 

16  In  a  process  for  preparing  a  compound  of  the 
formula  wherein  M  Is  a  cation  and  a  and  b 

are  the  smallest  whole  numbers  satisfying  the  equation 


t= 


ax  vnlcncc  of  M 


the  step  which  comprises  treating  a  compound  of  the 
lormula  H (feHI8)2  in  an  aqueous  medium  with  a 
metal  having  a  standard  electrode  potential  at  25  C.  Ol 
at  least  i  t  out  0.75  volts. 


(VbiTertaits  in  ICuuAkig 


-  '1 
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mediate  product  under  vacuum.  The  process  can  be  rep¬ 
resented  by  the  equations: 

to 

.... „  v  .  _  ether-alcohol 
2(N2lItn<_x)4-BioIIii  - ....  .. 


ABSTRACT  OF  THE  DJGCCCSUIiR 

Compounds  of  dccauornne  with  hydrazines  and  lower 
alkyl  substituted  hydrazines  are  prepared  in  q  reaction 
solvent  consisting  of  a  lower  alkyl  ether  and  an  alcohol. 

Tin's  invention  relates  to  new  compounds  of  dccabor- 
ane  with  hydrazines  and  lower  alkvi  substituted  hydra- 
zincs. 

Decaborane  reacts  with  hydrazine  and  lower  aiky!  hy¬ 
drazines  to  form  various  compounds  depending  on  the 
environment  of  the  reaction.  When  the  reactions  arc  per¬ 
formed  in  hydrocarbon  or  ether  solvents,  the  products 
arc  adducts  of  the  hydrazine  compound  and  decaborane 
having  the  genera1  formula  (N':R,)x(H10HK)y,  as  is  dis¬ 
closed  by  Hougn  and  Bushman  in  application  Ser.  No. 
S-jS,  .  23,  filed  Apr.  15,  1S59.  When  the  reaction  is  per- 
fo.mcd  n;  alcohol  solvents,  the  products  are  tctradecuhy- 
arononoborate  (-1)  compounds,  compounds  having  only 
nine  boron  atoms,  as  disclosed  in  the  patent  application 
of  llough  and  HctTeran,  Ser.  No.  312,783  filed  Sept.  30, 
1963. 

It  is  the  object  of  this  invention  to  provide  new  bi- 
subslitutcd  hydtazine  decaborane  compounds.  Another 
object  is  to  proviJe  a  method  of  reacting  decaborane 
with  hydrazine  or  lower  alkyl  substituted  hydrazines  to 
produce  bi-substituted  hydrazine  decaborane  compounds. 
A  further  object  is  to  provide  new  high  energy  fuels  and 
methods  for  their  preparation.  Other  objects  will  be  ap¬ 
parent  from  the  following  description  and  claims. 

The  new  compounds  of  this  invention  have  the  general 
formula 

(N:HxR,_x)2Bl0H„ 

where  R  is  hydrogen  or  a  lower  alkyl  radical  and  jc  is  an 
integer  from  0  to  4.  The  compounds  arc  fci-substituted  dec- 
aboranes,  that  is  two  of  the  decaborane  hydrogens  are 
replaced  by  hydrazine  or  a  lower  alkyl  substituted  hydra¬ 
zine.  According  to  standard  nomenclature  practice,  the 
compounds  are  designated  as  bis-(hydrazinc)  decaborane 
(U);  for  example  (N-H4):B,0H12  is  named  bis-(rnethyl- 
hydrazinc)dccaborane  (12),  (CH3N2H3)2BI0H,2  is  named 
bis-(mcthylhydrazinc)decaboraii»  (12),  and 

[(CH3)2N2H2J2B10Hi3 

is  named  bis-(dimethylbydrazine)dccaborane  (12). 

In  accordance  with  this  invention  the  react!,  n.  uF  i1,  - 
cabnrane  wilh  Ityriiaslne  or  bw«r  alkyl  eHbstfttrted  hy-  1 
drazines  is  directed  to  yield  substantially  only  the  new 
bis-(hydrazine)dccaborane(12)  compounds  by  (a)  re¬ 
acting  decaborane  and  the  hydrazine  compound  in  an 
solvent  coiituiiiiii3  a  inLiot  amount  of  ajcohol  to 
form  an  intermediate  product,  and  (b)  heating  the  inter-  1 


(*CiH,R4-,)!B!SHu  (ciiiptrlcal)+}6iT 

(b)  A 

(N,ir,R4-t)£B[)Hi,  - >  (XiH.Ei-O.BuHu+KHi 

_  vacuum 

8 

10  ,c  rcttchon  (a)  is  directed  to  form  the  desired  inter¬ 
mediate  by  contacting  the  reactants  in  an  ether  solvent 
containing  a  small  amount  of  an  alcohol.  Any  aliphatic 
r  cl.hers  suitable  for  use,  lower  dialkyl  ethers  ,e.g. 
diethyl  other,  are  preferred.  Any  alcohol  may  be  used 
15  and  lower  aliphatic  alcohol,  such  as,  for  example,  meth¬ 
anol,  ethanol  and  propanol,  are  preferred.  Suitable 
mixed  solvents  contain  from  about  0.1  to  10%  alcohol 
by  volume,  preferably  between  about  0.5  to  5%  alcohol. 
The  tcaction  is  conveniently  carried  cut  at  room  temper- 
20  atnre.  although  higher  or  lower  temperatures  may  be 
used  if  desired,  suitably  between  about*  0”  C.  and  40“  C. 
The  proportion  cf  reactants  is  not  critical,  but  it  is  gen¬ 
erally  preferred  to  use  stoichiometric  amounts  or  a  slipht 
excess  of  decaborane.  The  intermediate,  which  precipi- 
25  totes  from  the  reaction  mixture,  has  a  fixed  elemental 
content,  or  empirical  lormuia;  however,  its  structure  has 
not  been  established.  It  may  be  a  constant  mixture  of 
two  or  more  decaborane  compounds. 

Inc  intermediate  solid  material  recovered  from  the  re- 
30  action  in  the  mixed  ether-alcohol  solvent  very  slowly 
loses  hydrogen  at  ambient  or  slightly  elevated  tempera¬ 
tures  to  form  a  bis-  (hydrazine )  d  tcaboi  ,me  U  2) .  In  or¬ 
der  to  obtain  practical  hydrogen  evolution  rates,  it  is  pre¬ 
ferred  to  heat  the  intermediate,  suitably  to  between  about 
35  50  C.  and  150°  C.,  under  vacuum.  A  preferred  method  is 
to  slurry  the  intermediate  in  an  inert  fluid,  such  as  a  hy- 
diocnrbon,  and  heat  the  slurry  under  vacuum  or  nitrogen. 

.  Hydrazine  or  any  iower  alkyl  substituted  hydrazine 
i.e.,  having  substituted  alkyl  groups  containing  no  more 
40  than  6  carbon  atoms,  may  be  used  in  the  method  of  this 
invention  to  prepare  the  corresponding  bis-(hydrazine) 
decaborane.  Suitable  hydrazine  compounds  include  hy¬ 
drazine,  monometbyl  hydrazine,  syrn-dimethyl  hydrazine, 
unsyrn-dimethyl  hydrazine,  trimethyl  hydrazine,  tetra- 
4o  methyl  hydrazine,  monoethyl  hydrazine,  tricthyl  hydra¬ 
zine,  nruo-n-propyl  hydrazine,  sym-di-n-propyl  hydra¬ 
zine,  and  mono-n-butyl  hydrazine. 

In  the  following  example  that  is  illustrative  of  this  in¬ 
vention,  23.4  mmoles  of  decaborane  and  23.9  mmoles 
60  of  monomethyl  hydrazine  were  stirred  at  room  tempera¬ 
ture  for  21  hours  in  40  ml.  of  diethyl  ether  containing 
5  drops  of  ethanol.  Approximately  10  mmoles  of  hydro¬ 
gen  were  evolved  and  a  yellow-white  precipitate  formed. 
The  solution  was  filtered  and  the  product  was  dried  in 
05  vacuo.  Evaporah'on  of  ether  from  the  filtrate  left  a  large 
residue  of  unreacted  decaborane.  Analysis  of  the  solid 
product  were  B,  47.1  mat./g.  (miiliatoms  per  gram);  C, 
8.7  mat./g.;  N,  187  mat./g,;  H,  117  mat./g.,  which  cor- 

fee*-;  .  dj  !,>  the  ihivtetieal  uud.se.-,  *>! 

CO 

(CHjNjHjJjBujHj* 

which  are  B,  46.8  mat./g.;  C,  93  mat./g.;  N,  18.7  mat./ 
S4  H,  117  mat./g.  4.27  mmoles  of  the  p  roduct  n.J[jturc 
was  added  to  7  ml.  of  toluene,  in  which  the  product  is 
05  insoluble,  and  heated  in  vacuo  to  60“  C.  until  no  further 
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hydrogen  was  evolved.  The  hydrogen  loss  was  2.24  drazine  and  lower  alkyl  substituted  hydrazines  in  a 

mmoles.  The  product  remaining  in  the  tcluent  was  fil-  reaction  solvent  consisting  essentially  of  a  lower 

v/aftwd  and  n-ptmane  and  dried.  Thi  deduct  elkyl  etb.M  end  mi  ehsri.vA,  *«feersby  a  ptetripilalt  is 

was  identified  as  bis-(monomethyihydrazine)dccaborane  formed; 

(12)  by  elemental  analysis,  infra-red  spectrum  analysis  5  (b)  recovering  said  precipitate;  and 

and  X-ray  pattern  analysis.  The  elemental  analysis  were  (e)  heating  said  precipitate,  whereby  hydrogen  is 

B,  47.0  man/g.;  C,  10.3  mat./g.;  N,  1S.7  mat./g.;  H,  evolved,  to  form  said  bis-(hyurazLne)dccaborane 

111  mat./g.;  corresponding  to  theoretical  values  of  B,  (12). 

4J. X  atai  i";  Pit  itai  i%  •  H.  LI  T  t»idi/g  •  **  J  Lt  2.  A  method  KErtrffag  la  ek  ^  i  fa  »Jiiefc 

1 13  nv.t./g.  The  cluracti'rhirc  X-rny  piwi'rr  MfUtfestl  contains  from  aba®  0.5  to  5C-  alcohol, 
bands  are  5.8  (very  strong),  5.1  (very  strong),  4.6  3.  A  method  according  to  claim  1  in  which  the  ether 

(weak),  and  4.1  (very  weak).  is  diethyl  ether  and  the  alcohol  is  a  lower  aliphatic  al- 

Thc  bis-(i:.onomc!hylhydrazinc)<jccaboranc(12)  is  a  cohol. 
wli.Cc  OiJSTatti.U,  solid,  '.1  . ..  ii.^ufuble  iu  eiliets  ...id  hr  J.o-  1.  A  mctnC/d  auti/iuiug  to  claim  1  . 0  which  atep  (a) 

carbons,  slightly  soluble  in  alcohols  and  soluble  in  water,  15  is  performed  at  about  room  tempearture. 
with  no  evidence  of  hydrolysis.  It  is  stable  in  vacuo  to  at  S.  A  method  according  to  claim  1  in  which  step  (c) 

least  200“  C.  and  lias  a  neat  tormalicn  ot  25°  C.  of  is  performed  under  vacuum. 

about  —80  Kcal./g.  Other  bis- ( hydrazine )dccahorane  6.  A  method  of  preparing  a  bls-(hydrazine)decabor- 

(12)  compounds,  e.g.  fcis-(hydrazine)decriborane(12),  anc(12)  that  comprises  the  steps  of: 
bis  -  (sym  -  dimcthylhydrazine)dccaboi;ine(12)  and  bis-  20  (a)  contacting  and  reacting  decaborane  and  a  corrt- 

(unsyin.-dimetltyIbydrazinc)decabornne(12)  ore  like  bis-  pound  selected  from  the  group  consisting  of  hy- 

(nionomethylhydrazine)-decaborane(12)  insoluble  in  drazine  and  lower  alkyl  substituted  hydrazines  at 

ethers  and  hydrocarbon,  slightly  soluble  in  alcohols,  sola-  about  room  temperature  in  a  reaction  solvent  con- 

ble  in  water,  with  no  evidence  of  hydrolysis,  and  liter-  sisting  of  diethyl  ether  containing  about  0.5  and  5 

malty  stable.  23  ethanol,  whereby  a  precipitate  is  formed; 

The  bis-(hy’rr.zine)  Jecaboraned  2)  compounds  of  this  (b)  recovering  said  precipitate;  and 
invention  are  especially  desirable  for  solid  fuels  because  (c)  slurrying  said  precipitate  in  a  hydrocarbon,  heat- 

of  their  resistance  to  hydrolysis  thermal  stability  and  in 3  said  slurry  under  vacuum  whereby  hydrogen  is 

high  heat  of  combustion.  These  compounds  burn  readily  evolved  and  recovering  said  bis-(hydrazinc)deca- 

with  conventional  solid  chemical  oxidizers  and  are  useful  20  borane(12)  formed  thereby. 


as  fuel  components  in  solid  non-propellants  when  com¬ 
pounded  with  conventional  oxidizers  and  binders.  The 
compounds  of  this  invention  are  also  useful  as  interme¬ 
diates  in  trie  synthesis  of  other  compounds  in  which  a 
deenberane-type  structure  is  desired.  25 

According  to  the  provisions  of  the  patent  statutes,  wc 
have  explained  the  principle  and  mode  of  piactice  of  our 
invention  and  have  described  what  we  now’  consider  to 
represent  its  best  embodiment.  However,  we  desire  to 
have  it  understood  that,  within  the  scope  of  the  appended 
claims,  the  invention  may  be  practiced  otherwise  than 
as  specifically  described. 

V/e  claim: 
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ABSTRACT  ()l;  Till:  DISCLOSURE 

The  invention  relates  to  novel  lvron-eoii:.tinim’  polv- 
qiialcrn.tr>'  antatoninm  compounds,  particularly  to  his¬ 
pid)  quarter  tary  ainaioniam  do  lecnlivilrotlovlccahoi'alcs 
and  oclohyilrotrihoralcv  The  e.'n'pounds  are  u.eftil  in 
tocl.ct  proj-v'lants  anJ  av  reducing  agents. 


This  invention  concern,  the  p'c.-uration  of  a  novel  class 
of  poh  quaternary  ammonium  compji'.n.ls  containing  sub- 
>1  intents  which  incli.Jc  boron.  More  particttlaily,  the  in¬ 
vention  pertains  to  po:v quaternary  amnicnittm  hoioliv- 
Urivtcs,  dJd'e.thv.  ro.lo.lev'.d’orales  and  oclahvdroln- 
boraics  useful  as  reducing  ae.nts.  polymerization  catalysts 
and  flame  temperatt.ie  nw.teralors  in  rocket  propellants. 

7  he  novel  compum  Is  of  tin's  invention  are  included 
within  the  group  consisting  of: 

IF  ^tCHpI.V-K-XiCIIj).  ®It" 

and 


Ctt.-CII, 

/  \ 

(Cltt'iN  N(CIIj), 

Clt.—Clfi 


It" 


wherein  R  is  selected  ftom  the  group  consisting  of  methyl 
ene,  ethylene,  and 


R’  and  R"  taken  together  are  the  UI=ITia~3  radical  and 
taken  singly  are  selected  from  the  group  consisting  of 
(III,-1  and  Iljlla'1  radicals;  and  n  is  one  of  the  integers  1 
through  3. 

In  a  copending  application,  Ser.  No.  545,843,  filed  in 
the  United  States  Patent  Cilice  April  28,  1966,  tlte  prep¬ 
aration  of  polyquatcrnary  ammonium  thiophenoxides  is 
described,  whivh  novel  compounds  are  intermediates,  in 
tlte  preparation  of  a  number  of  the  subject  compounds. 
Other  intermediates,  polyquatcrnary  ammonium  halides, 
are  described  in  a  eopendiny  application,  Ser.  No.  399,330, 
filed  in  tlte  United  States  Patent  Ollicc  on  Sept.  25,  1964, 
rtv"v  'ibsTK+siTed.  The  erftter  vettetafiW  are  r-u-rnrhafeiafty 
available  or  can  be  synthesized  by  known  methods. 

All  of  the  subject  compounds,  except  the  nlkylene-bis- 
eomponnds,  have  excellent  Ir  drolyde  and  thermal  slubil- 

■  l>'  . .  I...  I, .....II..  1  in  .lit 


2 

It  is  accordingly  an  object  of  this  invention  to  provide 
novel  compounds  heretofore  unreported  in  the  literature. 

A  further  object  of  this  invention  is  to  provide  com¬ 
pounds  useful  us  reducing  agents,  polymerization  catalysts 
5  and  the  flame  temperature  moderators  in  rocket  propel¬ 
lants. 

Where  the  polyriimlernary  ammonium  borohydridcs  of 
this  invention  are  soluble  in  water,  they  are  prepared  by 

(1)  contacting  a  hisOiimcliiylnmmonium  thiophenoxide) 
10  with  lithium  horoliyilride  in  anhydrous  tetrahydrofuran, 

(2)  filtering  to  remove  the  solid  product,  and  (3)  drying 
the  punlncl.  Where  the  P'llyqu.'itcrnary  ammonium  boro- 
hydrides  ate  soluble  in  dimclhylformamide,  they  are  pre¬ 
pared  by  (I)  contacting  a  bis(trimethylamnionium  chlo- 

15  ride)  with  .sodium  horohydride  in  dimctnylforinamidc, 
(2)  fi'teiing  to  remove  precipitated  sodium  chloride,  (3) 
extracting  with  tetrahydrofuian,  (4)  removing  the  prod¬ 
uct  by  lilt  ration,  and  (5)  drying  the  product. 

Polyqunlornary  ammonium  dodecahydrododecaborates 
20  are  prepared  by  (1)  contacting  a  polyquaternary  am¬ 
monium  iodide  with  di-sodium  doJeeahydrododecaboratc 
in  aqueous  solution.  (2)  filtering,  and  f3)  hashing  the 
solid  product  with  hot  water.  The  di-sodiuirt  dodeenhydro- 
dotlccn borate  is  prepared  by  the  method  of  R.  M.  AJams, 
A.  R.  Sledle  ar.J  J.  Grant,  Inorganic  Chemistry  3,  461 
(1964). 

The  gctt'ral  method  of  preparing  the  polyquatemary 
ammonium  octahydiotriborates  is  by  (1)  contacting  a  bis- 
iodidc  with  potassium  octahydrotriborate,  and  (2)  rccrys- 
3l>  tallizing  the  product  from  water. 

By  way  cf  explanation,  some  specific  examples  illus- 
Nstsir.j,  Hie  ii.Vutlic.Tt  Tv  ill  Ue  dtscTit-vd.  This  dune  Sclcly 
by  way  of  example,  and  is  intended  neither  to  delineate  the 
scope  of  the  invention  nor  limit  the  ambit  of  the  appended 
35  claims. 

EXAMPLE  I 

Preparation  of  ethylcne-bis(trimethylammoniujr> 
borohydride) 

40  (A)  A  suspension  or  0.020  gram-mole  of  ethylene-bis- 

ftriniclhvlammonium  thiophenoxide)  in  !(>b  m|lj(|(Ier!i  ct 
anhydrous  tetrahydrofuran  was  added  to  50  milliliters  of 
a  4  molar  solution  of  LillH^  in  anhydrous  tetrahydro- 
fui'an.  The  mixture  was  stirred  at  reflux  for  15  hours,  then 
■’  the  white,  solid  product  was  filtered,  washed  thoroughly 
with  anhydrous  tetrahydrofuran  and  dried.  The  yield  was 
2.91  grains  of  product  having  a  melting  point  of  239-240° 
C.,  with  decomposition.  The  solid  was  recrystallized  by 
■.it  disso.ivinS  ^  grams  in  75  milliliters  of  hot  tetrahydrofuran, 
filtering  the  solution  while  hot,  adding  an  equal  volume  of 
anhydrous  tetrahydrofuran  and  cooling  the  solution.  The 
long,  white  needles  of  the  product  melted  at  192°  C.,  with 
decomposition.  The  density  was  0.837  g./cc.  The  theoret- 
55  *':a'  ‘lnt^  MPfinicnlally  determined  percentages  by  weieht 
of  elements  in  the  product  were  as  follows. 

CsHjoBjNj 

Theoretical— C,  54.61;  H,  17.1S;  B,  12.29;  N,  15.92  active 

If,  4.5s 

(1"  Experimental — C,  53.23;  H,  17.97;  B,  12.05;  N,  15  03' 

active  II,  4.49  ' 

(H)  To  n  solution  of  33  grams  (0,15  gram-mole)  of 

rmvli'iii'-liisf  Iri'm'dM-himiPnniiim  rhti\ri.l»>  >  »n  1  Kt*r  r>f 


) 
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dimcthvlformumiile  was  added  a  '•illation  of  12  grams  of  _  EXAMPLE  6 

Naltll,  >u  It)  milliliters  ot  dnnciliylfurinainidc.  lhe  solu-  Preparation  of  methylonc-bis(irimelhylanimouiuni) 

hon  was  heated  to  tit)'  Im  IS  hours,  followed  by  dodeeahydrododeeaborate 

f'i 1 1 1 .tt ion  ot  the  precipitated  N.iC  1.  Appioximately  150  ,  ,,,n,  nrn_ 

milliliters  of  telraltulnitm an  ueic  added  to  the  filtrate,  .  A  solution  of  .88  grants  of  Nn3B13Hl3  (0.01  pratn- 

pieeipit.itine  more  Nat  I.  I  he  solution  seas  filtered  and  '*  mole)  in  50  millilitcis  of  water  was  added  to  a  solution 

the  filtrate  tested  tor  halogen.  1  motional  precipitation  was  of  3.86  grams  (0.01  grant-mole)  of  methylene-  is(.ri- 

rcvaied  until  the  liltiaie  was  haloecn-frcc,  after  which  mctliylanimomuiii  iodide)  in  80  milliliters  of  water.  Prc- 

suo  milliliters  ot  auhwlrmts  tet.aliydrotnra.i  were  added.  cipitation  was  immediate  and  0.40  grain  of  sal  was 

Tiic  mixture  was  allowed  to  stand  tor  one  hour,  then  the  ,0  isolated  and  dried.  The  product  decomposed  above  -40  C. 

Nuohydridc  salt  was  isolated.  The  yield  was  9.5  grams  without  melting. 

ot  pioduct  having  a  melting  point  of  180-100°  C.,  with  hXAMI  Lh  7 

decomposition.  lhe  infrared  spectrum  was  identical  to  Preparation  of  ethylcne-bis(trimcthylammonium 

that  ot  the  material  prepared  from  the  thiophenoxide.  octahydrotriborate ) 

1  XAMl’l  F.  2  To  a  solution  of  4.0  grant  (0.01  gram-mole)  of  the 

Preparation  of  tclramcthy  Ipiperazinium  bis-borohydridc  bis-todide  in  10  milliliters  of  water  was  added  a  solution 
,  .  .  .  ,  of  1.6  grams  (0.02  gram-mole)  of  KB3H8  in  10  milliliters 

Using  the  procedure  described  in  xantp  c  1(/).  *"  o{  water  A  hcavy  %vhite  precipitate  formed  immediately 

methylpipcu/inmni  b.s-boroltydridc  was  prepared  start-  ^  ^  f)ltcred  The  s0,id  was  recrystallized  twice  from 

in»  wuh  il.ttTil  ntole  ot  tetrainclhv Ipiperazinium  bis-thio-  -u  , . ,  ,  .  ,  .  _  -  , _ _  ->t>  r-  .a-ia 


ing  with  0.020  ntole  of  tctramclhy Ipiperazinium  bis-thio- 
phcitosidc.  The  yield  was  3.0  grant  of  product  having  a 
density  of  0,914  g./ee.  and  a  uictung  point  of  1 85— 1 90°  C., 
with  decomposition.  I  he  analysis  was: 

C,Han3N3 

Theoretical— C,  55.23;  H.  16.22;  B,  12.45;  active  H,  4.64 
Experimental— C,  54.81;  H.  16  29;  B,  12.40;  active  H. 

4.56. 

EXAMPLE  3 

Preparation  of  N,N'-dim<thyl-1.4-diaziniabicyclo[2.2.2] 
octane  bis-borohydridc 

Using  the  procedure  dcscrihfd  in  Example  1(A),  N.N'- 
dinicthyl-l,4-slia/iniabicyclo|2.2.2|octane  bis-borohydride 
was  prepared  starting  with  N,N'-dimcthyl-l,4-diaziniabi- 
cycloI2.2.2loct.inc  bis-thiophcno\ide.  The  product  decom¬ 
posed  above  240'  C.  Quantitative  hydrolysis  and  ele¬ 
mental  analysis  confirmed  the  product  composition. 

EXAMPLE  4 

Preparation  of  N.N.N'.N’-tctramethylpiperazinium 
dodecahydrodecaborate 

A  solution  of  2.90  grams  of  Na3B|3H|3  (0.15  gram- 
mole  dissolved  in  200  milliliters  of  water  was  added  to  a 
solution  of  5.97  grams  of  N.N.N'.N'-tetramethylpiper- 
azinium  diiodidc  in  250  milliliters  of  hot  w'atcr.  A  white 
precipitate  formed  immediately.  T  he  mixture  was  stirred 
at  70'  C.  for  30  minutes.  The  hot  reaction  mixture  was 
filtered,  after  which  the  solid  was  washed  with  hot  water. 
It  is  necessary  in  keep  the  water  hot  because  the  iodide  is 
only  slightly  soluble  in  cold  water.  The  white  solid  prod¬ 
uct  was  dried  3  hours  at  80°  C.  in  vacuo.  The  yield  was 
3.28  grams.  The  product  density  was  0.956  g./cc.  and  it 


hot  water  and  dried  in  vacuo  for  3  hours  at  75°  C.,  yield¬ 
ing  1.75  gram  of  product  which  decomposed  starting  at 
210°  C.  and  complete  at  300-310°  C.  The  salt  was  stable 
in  water  at  room  temperature  for  16  hours.  The  analysis 
25  was: 

C8H38N3B8 

Theoretical— C,  42.27;  H,  16.85;  N,  12.32;  B,  28.56. 
Experimental — C,  42.86,  H,  16.67;  N,  12.52;  B,  28.36; 
„„  1,  zero. 

J!)  EXAMPLE  8 

Preparation  of  mcthylcnc-bis(trimetltylanimonium 
octahydrotriborate) 

nr  Using  the  procedure  described  in  Example  7,  mcthylcne- 
bis(trimethylaninioniiin)  octahydrotriborate)  was  pre¬ 
pared.  The  white  crystals  changed  color  above  300°  C. 
and  did  not  melt  below  360°  C.  The  product  was  stable  in 
water  at  room  temperature  for  16  hours. 

40  EXAMPLE  9 

Preparation  of  N.N.N'.N'-tctrametliylpiperazinium 
bisfoctahydroti  iboratc ) 

A  solution  a  0.80  gram  (0.002  gram-ntolc)  of  the  bis- 
iodide  in  10  milliliters  of  water  was  added  to  0.32  gram 
(0.004  gram-mole)  of  KB3H8  dissolved  in  5  millililers 
of  water.  The  insoluble,  white  octahydrotriborate  salt 
was  filtered  and  recrystallized  from  hot  water.  The  yield 
was  0.35  gram  of  product  which  melted  at  215-219°  C., 
...  with  decomposition.  Product  density  was  C..878  g./cc.*The 
u  salt  was  stable  in  water  at  room  temperature  for  16 
hours.  The  analysis  was; 

c8h38n3b8 


did  not  decompose  below  360°  C.  There  was  no  weight  Theoretical— C,  42  64;  H,  16.10;  N,  12.43;  B,  28.83; 
loss  to  268*  C.,  ii  9 %  weight  loss  to  300°  C.,  a  12%  active  H,  7.61 

weight  loss  to  400*  C,  and  a  total  of  27%  loss  by  weight  Experimental— C,  43.40;  H,  16.51;  N,  12.20;  B,  28.15; 


to  550*  C.  The  analysis  was: 

C8H„N3B13 

Theoretical — N,  9.79;  B,  45.35. 

Experimental — N,  9.47;  B,  45.46;  I,  zero. 

EXAMPLE  5 

Preparation  of  N,N'-dimethyl-l,4-diaziniabicyclo[2.2.2] 
octane  dodeeahydrododeeaborate 

Using  the  procedure  described  in  Example  4,  N,N'- 
dimethyl  -  1.4  -  diazinihicyclol 2.2.2]octane  dodccahydro- 
dodccarbornte  was  prepared  starling  with  0.01  grain-mole 
of  N.N'-dimethyl  -  1.4  -  diaziniabicyclol 2.2.2  loctanc  di¬ 
iodide  in  water.  The  product  was  a  white,  insoluble  ma¬ 
terial  weighing  3.10  grams,  which  did  not  appear  to  melt 
or  decompose  hclow  360°  C.  There  was  no  weight  loss 
to  225°  C.,  a  10%  weight  loss  to  350°  C„  n  28%  sveight 


Experimental — C 
active  H,  7.55 


EXAMPLE  10 


l0  Preparation  of  N,N’-dimcthyl-l,4-diaziniabicyclo[2.2.2] 
octane  bis-octahydrotrihoratc 

Using  the  procedure  described  in  Example  7,  N,N'- 
dimethyl  -  1,4  -  diaziniabicyclol  2.2.2 (octane  bis-octahy- 
35  drotriboratc  was  prepared  starting  with  the  bis-iodide.  It 
decomposed  without  melting,  beginning  at  200°  C.  and 
continuing  up  to  350°  C.,  at  which  temperature  it  charred. 
Elemental  analysis  confirmed  the  synthesis.  Again  the 
compound  was  stable  in  water  at  room  temperature  for 
70  16  hours. 

What  is  claimed  is: 

1.  N.N.N'.N'  -  tcirnmctliylpiperazinium  dodccahydro- 
doilccnbonitc. 

2.  N.N'-diiiielliyl  -  1,4  -  diaziniabicyclol  2.2.2 loctanc 


3.  Methylene  -  his(lrinicthylamnionium)ilodccahyilro- 

iloilecaborate.  ,  . 

4.  Ethylene  -  bis(trimclhylainmonnim  ocialtyurolri- 

bornte).  .  ,  ,  ,  . 

5.  Methylene  -  bisOiimcthylainmonniin  oeiohyilioln- 

boralc).  . 

6.  N.N.N'.N'  -  lelriimclhyl|>ipeinzinnnn  histoclnltyilro- 

'"^N.N’-ilimi'lltyl  -  1,4  -  ilin/ininhicyclol  2.2.2  loclane 
b  is-oetti  liyil  i  ot  i  ilH»r:»lc. 
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This  application  is  a  continuation-in-part  of  our  ap¬ 
plications,  Scr.  No.  15,042,  filed  Mar.  15,  1960,  and 
Scr.  No.  30,443.  filed  May  20,  1960,  both  now  abandoned  Ia 
and  of  our  expending  application,  Ser.  Mo.  141,248,  fiied 
Sept.  25.  1961.  now  abandoned. 

Tli is  indention  relates  to  new  cumpc  -'nds  containing 
boro: i  and  to  methods  for  preparing  the  compounds. 

Boron  compounds,  particularly  boron  hydrides,  have  " 
achieved  technical  importance  in  re  -:it  years.  However, 
there  are  many  potential  applications  for  which  boron 
compounds  including  boron  hydrides,  halides  and  alk,ls, 
cannot,  be  used  because  of  hydrolytic,  oxidative  and  og 
oiher  tipes  ul  instability.  To  illustrate,  dibcwv.e,  chlcto- 
di  bo  rare,  pentaboranet9)  and  trialkylboron  compounds 
are  spontaneously  flammable  in  air.  Diboranc,  penta- 
borane(9),  chlorodiborane,  baron  trichloride,  iododeca- 
boranef  14 )  and  mo>t  other  horor.  halides  are  hydrolyzed 
rapidly  in  water  or  alcohol.  Even  the  most  stable  krown 
borohyd.idc,  i.e.,  decaboranef  14),  is  hydrolyzed  at  a 
moderate  rate  in  water.  Known  ionic  borohydridts,  e.g., 
letrahydroborates  ( NaR  H4  and  the  like),  are  hydrolyzed 
at  a  rapid  rate  at  100*  C. 

This  invention  is  directed  to  a  bread  class  of  boron 
compounds  which  have  stability  characteristics  that  are 
unusual  for  boron  compounds.  The  compounds  of  the 
invention  generally  show  hydrolytic,  oxidative  and  chemi¬ 
cal  stabilities  normally  associated  with  aromatic  organic  40 
compounds. 

The  novel  boron  compounds  arc  ionic  in  character 
and  they  are  represented  gencrically  by  the  following 
formula: 

(1)  M,(Bj2HlJ_yXy)b 


30 


35 


45 


55 


M  is  a  cation,  i.e.,  an  atom  or  group  of  atoms  which 
forms  a  positively  charged  ion  in  aqueous  solution,  which 
cation  has  a  positive  ionic  charge  or  valence  of  1—4; 
(p,t:H,j_,Xy)  is  a  group  which  forms  a  divalent  anion  50 
in  aqueous  solution,  i.e.,  an  ion  which  carries  a  nega¬ 
tive  charge  cf  2;  X  is  a  monovalent  group  capable  of 
bending  to  carbon  of  a  benzene  nucleus  by  replacement 
cf  hydrogen  bonded  to  said  carbon;  y  is  an  integer,  i.e., 
a  positive  whole  number,  of  1  through  12;  a  and  b  are 
positive  whole  numb.rs  of  1  through  3  whose  respective 
values  i  re  determined  by  the  valence  of  M,  i.e.,  a  multi¬ 
plied  by  the  valence  of  M  is  equal  to  2b.  The  X  groups, 
when  more  than  one  is  present,  can  be  alike  or  different. 

The  novel  compounds  of  this  invention  may  also  be 
defined  as  derivatives  of  the  acid  H->B]2  d|2  arid  its  silts 
wherein  at  least  one  hyrocer.  of  the  B12Hi2-2  union  is 
replaced  by  an  X  substituent.  The  component  X  com¬ 
prises  a  broad  group  of  substituents  for  which  represinta- 
,  live  illustrations  are  given  in  the  examples  in  later  para¬ 
graphs. 

In  the  compounds  of  Formula  1  the  novel  and  charac¬ 
terizing  component  is  the  boron-containing  group  shown 
in  parentheses,  i.e.,  (Bj2Hi2_yXj)~2.  This  group  behaves 
as  a  stable  chemical  entity  in  conventional  reactions  and 
it  will  be  discussed  more  fully  in  later  paragraphs  with 
particular  reference  to  the  substituent  X. 


The  group  M 

In  generic  Formula  1  M  is  a  group  which  can  be 
composed  of  one  or  more  titan  one  element  and  which 
is  tonically  bonded  to  the  boron-containing  croup.  The 
groups  represented  by  M  bear  a  positive  ionic  charge 
and  they  have,  in  common  the  property  of  forming  posi- 
tively  charged  groups  or  cations  in  water. 

The  principal  function  of  the  group  M  is  to  provide 
an  element  or  group  of  elements  which  bear  the  neces¬ 
sary  positive  charges  to  combine  with  the  novel  anion, 
i.e.,  (B,2Hl2_yXy)-J,  and  thu.  permit  its  isolation  as 
part  of  a  stable  compound. 

The  properties  or  the  group  M  are  not  critical  and  the 
group  therefore  represents  a  broad  range  of  elements 
or  combinations  of  elements.  To  illustrate,  M  can  be 
hydrogen,  ii/dronium  (H30+),  a  metal,  ammonium 
(NHk1),  l.ydrazonium  (NHSNHS+)  (also  called  hydra- 
zinium),  N-substituted  ammonium,  N-substituted  hydra- 
ziniun  (CH3NHNH3+),  aryldiazonium  (ArN2f),  sul- 
fonium,  phosphonium,  metal-ammine,  2,2'-bipyridinium, 
quinolinium,  phenazonium,  N-alkyipyridiniurn,  and  the 
like. 

The  group  M  can  be  derived  from  any  metal.  The 
metals  according  to  the  Periodic  Table  in  Deming’s 
"Coiera!  CUn.iUr;,"  5th  ul,  chip  U,  John  Wiky  * 
Sons,  Inc.,  and  in  Lange's  "Handbook  of  Chemistry,” 
9lh  ed„  pp.  56-57,  Handbook  Publishers,  Inc.  (1956) 
arc  tie  elements  of  Groups  I,  II,  VIII,  III-B,  IV-B, 
V-B.  VI-B,  V1I-B,  and  the  elements  of  Groups  III-A, 
IV-A,  V-A  and  VI-A  which  have  atomic  numbers  above 
5,  14,  33  and  52,  respectively.  The  metals  can  be  light 
or  heavy  metals.  To  illustrate,  M  can  be  lithium,  sodium, 
potassium,  cesium,  beryllium,  barium,  lanthanum,  zir¬ 
conium,  vanadium,  manganese,  iron,  cobalt,  copper,  zinc, 
mercury  aluminum,  thallium,  tin,  lead,  antimony,  bis¬ 
muth  silver  or  any  other  metal.  Preferred  metals  are 
those  whose  valences  are  1-3,  inclusive. 

An  especially  preferred  group  of  metals  from  which 
M  can  be  derived  consists  of  elements  of  Groups  I-A, 
1I-A,  I-B  and  II— B  having  atomic  numbers  up  to  and 
including  80.  Most  preferred  metals  are  the  alkali  and 
alkaline  earth  metals,  i.e.,  lithium,  sodium,  potassium, 
rubidium,  cesium,  beryllium,  magnesium,  calcium,  stron¬ 
tium  and  barium. 

The  group  M  can  be  r.  combination  of  a  metal  and 
ammonia  or  a  metal  and  an  amine,  i.e.,  a  Werner-type 
coordination  complex  referred  to  as  a  metsi-amminc 
group.  To  illustrate  M  can  be 

[Ni(NH3)6]+2,  [Zn(NH3)4]+2,  [Co(NH2C2H4NH2)3]+2 


[Ni(pyridine)c]+2,  [Co(NH3)6]+3,  [Cu(NH3)4]+2 


00 
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and  the  like.  The  group  can  te  a  metal  with  water  of 
hydration,  e.g.,  [Cu(H20)4]+2,  [Ni(H20)6]+2,  and  the 
like.  .  .  , 

The  group  M  can  be  aryldiazonium,  i.e.,  a  group  ol  me 
formula  ArN2+,  where  Ar  represents  an  aryl  group.  To 
illustrate,  Ar  can  be  phenol,  tolyl,  xyiyl,  naphthyl,  and  the 
like. 

The  group  M  can  be  an  N-substituted  ammor turn  radi¬ 
cal,  an  S-substitutcd  sulfonium  group  and  a  P-substituted 
phosphonium  group  of  the  formula  RNH3+,  R2NH2+, 
R3NH+,  R4N+,  R3S+,  ami  R4P+.  R  represents  an  organic 
group  bonded  to  the  nitrogen,  sulfur  or  phosphorus.  The 
R  groups  arc  not  critical  features  of  these  cation  groups; 
thus,  R  can  be  open-chain,  closed-chain,  saturated  or  un- 
saturated  hydrocarbon  or  substi.nted  hydrocarbon  groups. 
R  can  be  z  reterocyclic  ring  of  which  the  nitrogen,  sulfur 
or  phosphorus  atom  is  a  component  part.  Thus,  when  M 
is  a  substituted  ammon'i’tn  group,  R  can  lx:  derived  from 
pyridine,  quinoline,  morpholine,  hexamethylcneimine,  and 


l  t 


.  f 
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ihe  like.  Preferably  R.  for  reasons  of  availabi'itv  0f 
reac(an(s,  comains  ai  most  I S  carbon  atoms.  For  ex  irtiple, 

R  can  be  methyl,  2-ethylhexyl,  octadccyl,  allyl,  rye!.- hexyl! 
cyclohc.xenyl,  plieny!,  naphthyl,  antaryl,  cyclohaxylr  benyl, 
diphenyl)  I.  benzyl.  chloroethyl,  o-cyanoantyl,  p-hydroxy- 
elhyl.  p- hydroxy  phenyl,  and  the  like.  c 

H.e  group  M  can  be  N-substituIed  hvdra2onium 
(also  called  hyilrazinium)  radicals  having  the  formulas 
(RNHNHj)*,  (RjNNlfj)  *,  and  the  like,  wherein  R  has 
the  same  definition  as  given  in  the  preceding  paragraph. 

‘lo  illustrate,  the  hydra, -onlum  cation  can  be  derived  from  1U 
phcnylhydrccine.  meihylhytlrazine,  l.i  dimcthylhydrazine, 
1.2-dimcth>  l.hydrazine,  ethylhydrazine,  1,1-dicthylhydra- 
z.:ne,  and  similar  compounds. 


.  .,  ,  LiiaruLicrisuc  oanas  lor  the  substituted  B,,  anion  mav 

^  Veanhave°f  ‘  15  2"*""  *«"?■■!»  £  **  -"Sub* 


spatial  configuration  wherein  the  boron  atoms  form  an 
icosahedron  in  which  all  the  boron  atoms  are  equal  (in 
the  same  sense  that  ail  carbon  donas  in  benzene  are 
equal)  and  each  boron  is  bonded  to  one  hydrogen.  A  com¬ 
plete  analysis  of  infrared  and  Raman  spectra  show  the 
dodecahydrododecaborntc  anion  to  have,  in  fact,  lh  sym- 
melry.  The  spatial  configuration  of  this  dodecahydro- 
dodecebor'ate  anioq.  can  be  described  most  aptly  as  an 
icosahedron  of  boron  atoms. 

One  or  more  hydrogens  in  the  B,2KI2-3  anion  can  be 
replaced  with  groups  or  substituents  to  whatever  degree 
desired.  Substitution  in  the  Bl2H12-3=  anion  can,  of 
course,  lead  to  a  shift  in  the  -absorption  bands  and  the 
characteristic  bands  for  the  substituted  Bl2  anion  may 


.  . .  vvil  i  Ul  -T, 

i  e..  M  can  have  a  valence  o!  1.  2.  3, -Dr  4.  In  most  cases 
the  valence  of  M  will  be  i  or  2  and  this  gioup  of  com- 
jxiunds  in  which  the  valence  of  M  is  at  most  2  are  readily 
prcparaole  and  so  form  a  preterred  group  of  compounds 
in  this  invention. 

The  group  (B12H,2_tXj)-3 

The  novel  fe:4M.rC  ({  the  pounds  ci  Formula  1  is 
the  polyhydropoly borate  group.  B13H12_.X„  which  carries 


.  ‘  v  ,  .  tan  oe  mircaucea  oy  conventional  processes  anrf  which 

in  L  ^ \ i0!m? f  :diVale3t.Tm  25  available  reactants  form  a  preferred  class. 


.  m  t  —  o  - -  — — .  iuv,  uitouu' 

slitutcd  B12h12--  anion.  Complete  substitution  of  all  12 
hydrogen  atoms  will,  of  course,  result  in  the  disappear¬ 
ance  of  the  band  at  about  4.0/*  which  is  due  to  B _ H 

stretching. 

The  substituent  X  can  be  introduced  directly  or  in¬ 
directly  into  the  B|2H,2~2  anion.  One  or  more  groups  can 
be  introduced  by  direct  reaction  and  these  groups  can  be 
muddied  b,  subsequent  chemical  reactions.  Groups  which 
can  be  introduced  by  conventional  processes  and  which 


.  — - —  AWUUO  ci  Ol  V  UJW.’JL  41 II*  Ml 

in  a,  'van  Kituik  n  The  vtIsh  cf  a  fr„d  l  hi  T\u- 

mula  I  are,  therefore,  determined  by  the  valence  of  M 
and  they  are  the  smallest  whole  numbers  which  satisfy  the 
following  equation: 

,  _oX  valence  of  M 
2 


_  7,  ,  ,  '  _ _ _  - - -  piwiviivu  VltMJi 

ju  Uiis  pi erei red  group  ot  compounds  ot  formula  1,  the 
group  X  represents  one  or  more  of  the  following  sub¬ 
stituents:  halogens  (F,  CI,  Br,  I),  hydrocarbon,  carboxyl 

o 

II 

(— C— OH) 

carbamyl  and  N-substituti  carbamyl 
O  o  o 


The  pertinent  feature  in  the  novel  group,  o  o  o 

(il|lHij_,Xy)-J  35  (-I«NH|,  — CNHR',  -C-NR,’) 

is  the  substituent  X,  which  is  bonded  to  boron.  The  num-  halocarbonyl 
her  of  substituents  which  can  be  present  in  the  group  is  O 

not  less  than  1  or  mote  than  12  and  the  substituents  can  ,  Jl  v 

be  alike  or  different.  1-u-y 

In  its  broadest  aspects,  X  is  a  monovalent  group  which  40  where  Y  is  F,  Cl,  Br,  I),  halomethyl  ( — CH,Y'  _ CHY'i 

has  the  characterizing  property  of  forming  X— C  bonds  and  CY'3,  where  Y'  is  F,  Ci,  Br,  I),  hydroxy  ( _ OH) 

where  C  represent,  a  carbon  which  is  a  nuclear  member  hydrocarbonoxy  (—OR'),  monooxahydrocarbonoxv 

of  a  benzene  ring  and  where  the  X-C  bond  is  formed  in  r»'np»n_x 

place  of  an  H — C  bond.  The  property  of  forming  X— C  1  K  ■ > 

bonds,  where  C  is  nuclear  carbon  as  defined  above,  is  45  acel<l1  t— CH(OR')a],  ketal  [— CR'(OR')2],  hydrocar- 
common  to  aU  the  group*  which  are  represented  by  X.  boncaroonyloxy  [— OC(0)R'],  hydrocarbonoxycarbonyl 
Tlte  group  X  can  represent  a  substituent  introduced  inlo  [ — C(0)0R'],  isocyanate  (— NCO),  thiocyanate 

the  BijH,j-s  ar.ion  by  direct  reaction  or  it  can  represent  r  cows 

a  substituent  obtained  by  subsequent  chemical  modifi-  V  ’ 


-  - ...  uj  juuacijuciu  uucinicai  mourn-  .  , . 

cation  of  a  group  which  has  been  introduced  by  direct  re-  50  *s°Jn,ocyan*te  (— NCS),  hyrirocarbonmercapto  ( — SR'), 
action,  e.g.,  a  subs'ituent  obtained  by  reduction,  esterifica-  hydroxymethyl  ( — CH2OH),  hydrocarbonoxymetbyl 
tion.  hvdrolvsis  or  smiHminn  nf  a:— it.,  _ i. i  r  ~ 


.  ~  .  . . '-•J  ivuuwiuii,  bOlbllllba"  *  '  '  V - * - “"'V  4 

lion,  hydrolysis  or  amidation  of  directly  introduced  ( _ CHoOR't 

groups.  .  v  3  ' 

Compounds  of  the  invention  arc  obtained  by  processes  7^2NHR' and  — 1 CH2NR'2), 

wh.ch  employ  as  a  principal  reaclant  a  salt  or  acid  having  55  f—NHR'  Kp'  fT°.  .  “Stated  amino 

the  BnH|j-3  anion,  i.e.,  a  compound  of  the  formula  '  MK  ’  NR  a),  thiol  (— SH),  aztdo  —  N3),  acyl 

M»(B|jHij)b,  where  M,  a  and  b  have  the  meanings  given  9 

in  previous  paragraphs.  (C-RO 

The  salts  or  acid  having  the  B12H|2-2  ‘anion  (called  formyl 
dodecahydrododecaborates)  are  compounds  whose  in-  CO 

frared  spectra  consistently  include  strong  absorption  bands  O 

at  4.0/i±0.1  and  9.35/*:t0.1.  These  bands  are  an  identify-  (-C— H) 

mg  characteristic  of  dodecahydrododecaborate  anions  in 

which  Uie  absorption  at  4.0/i±0.1  is  due  to  B—H  stretch-  nitro  (~N02)  ni'roso  (—NO),  azo  (— N=X— Ar), 

tng  and  at  9.35/i±0.1  is  due  to  the  .iodecaborate  cage.  05  Whfre  Ar  is  "n  aroma<ic  hydrocarbon  group  of  up  to  10 
The  dodecaborate  anion  is  referrei'  to  above  as  a  do-  carbons),  sulfo  ( — SOjH),  sulfonyl  ( — SO-R')  and  ace- 

decaboratff  raw  TTk.  (ill  _ _  tnxvmerrnru  *  ” 


formyl 


0 

(-C-H) 


dccaboraic  cage.  The  B1J  nuclear  magnetic  resonance 
spectra  of  dodc^ihydrododccaborafe  salts  have  been  deter- 
mined  and  the  data  indicate  that  the  dodecabydrododec- 
abornte  anion  contains  one  and  only  one  type  of  boron 
atom,  i.e.,  all  the  borons  ate  chemically  equivalent.  The 
data  further  indicate  tliut  each  boron  atom  is  bonded  to 
only  one  hydrogen  atom  and  that  all  the  hydrogen  atoms 
are  chemically  equivalent.  These  data  are  best  explained 


toxymercury 


(-HgoccH,) 


*  *—■**»« 


R',  where  used  in  the  above  substituents,  is  a  monovalent 
rnfifT  •:rolup.'vhllchlls  preferably  a  hydrocarbon  group 
K  ::{Cd0,h  ft  ?'ftny1’  °>‘cloalkcnyl,  aryl,  aikaryf 
divah-ni  18  Ca.r^ns.  and  R"  is  a 
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Many  of  the  compounds  of  the  invention  ere  obtained 
by  reacting  the  dGdecahydrododccaborate(2-),  i.e ,  tbe 
salt  or  acid,  with  an  electrophilic  reagent  Sub¬ 
stituents  introduced  by  this  process  into  the  anion  are 
called  hereinafter  “electrophilic  groups.”  Compounds  of 
formula  1  obtained  by  a  process  cf  electrophilic  attack 
form  a  second  preferred  class  of  products  of  the  invention, 
tn  tms  preferred  group  of  compounds  of  Formula  I  X 
is  defined  as  a  monovalent  group  which  is  capable  of  bond¬ 
ing  to  carbon  of  a  benzene  nucleus  by  reaction  of  benzene 
or  a  substituted  benzene  with  an  electrophilic  reagent. 

An  electrophilic  group  is  a  group  which  is  deficient  in 
electrons  and  which  has  a  point  of  low  electron  density, 
•i.ectrophilic  groups  and  reagents  which  are  employed  to 
effect  substitution  of  such  groups  for  hydrogen  on  carbon  ,, 
of  a  benzene  nucleus  arc  described  in  conventional  text- 
books,  of  which  the  following  are  examples: 

Kemick.  “Electronic  Interpretations  of  Organic  Chemis¬ 
try,  pp.  89-1 10,  Wiley  (1943.1. 

Ingold,.  “Structure  and  Mechanism  in  Oreanic  Chemis-  20 
tr>%  pp.  198-100,  269-304  (especially  pp.  202  211) 
Cornell  University  Press  (1953). 

FU(°953)ACiVanCed  0rfiun'c  Chemistry,”  chap.  J,  Wiley 

Whcland,  “Advanced  Organic  Chemistry  ”  2nd  ed.  n  83  25 
Wuey  (1949). 

Examples  of  electrophilic  groups  or  substituents,  rep¬ 
resented  by  X  in  Formula  ,.  which  are  included  in  this 
preferred  group  are  as  follows:  halogens  (F,  Cl  Br  II  „„ 
hydrocarbon  ( — R'),  carboxyl  ’  ’  ’ 

o 


0 

II 


ZiitN'IIihBijJIiiCN'IIC’TIi,  CnRutl;Cli(CNIIj)i 

O 

l| 

Hpni}Ui,C.\'(C,lIi).,  Cii(N’II,),II,,II,0(C.N’), 
N‘ilII:0),ni;II„CFj,  SiiH,;I!iC1jFj,  Co(II;0)iIli:tIcC  li 
-  IFr(llr<V.l].(ii1.ci,!)1,  (IIiO)jn,jII„(SO,II):,  11-11, -It, (C, In), Ci, 


(-C-OII) 

N,N-disubstituted  carbamyl 


haloformyl 


o 
,  il 

(-C-NK-0 


,NTa:RijII„(IIpOC;  Clla) 

CsrB::!I„C(CX)=C(CX)»C(CN),.  CsII n,sri,o(C,II.), 
(CiIUMtp-llulIiiSOjN’II;  (NIIdsHijIItF,,  KiIluIInFi 
(N‘II<)jIIijIIiiSO:CiIIj,  Dnlli>tli(.\0]); 

O 

AriuII:0),niitIi:V(CII)),,  MBTl„nr,!,  IljnisIIn t:C«ITi 
Cot\  !fj-ilti;IIeCJi,  Zii(NII,)ilh.-nil:,Co(U!0),Ui:II|C(C:IIi)!  ' 
(CWIiXIINUgiBi-I,.,  ](C, Ih), Sl,I)i;IIi ntCffl,)- 

O 

he,  TTiUP;.i!,;ii,  ni-,  l(Ciii)sPi..n„  it,  ototl'cir,), 
Na:n::H|,(OC,lt.)i,  K.-lli-IInOCell,.  IIeU,.II,,0CIliC.rr* 
MgDi-tlnSC,!!,,  IlallijlIm'SC!IjC,IIi)j,  Zi]Bi;IIiiOCIIjCII:OCIti 
Srlli-HidCdliKOCiriCH-OCII,),  ami  Ae:llijIIi:OCIIjCII-OCIIi 
The  invention  includes  within  its  scope  compounds  with 
two  or  more  X  groups  which  are  unlike,  e.g., 

AlKlJir!It:SCJIi),(OCil»'i),,  |(C,iri)1P]..Ili!:ilCli(0'3IIi):C:IIi 

o 

l(cii1)(i>]In,.ci1F(csc,ii,),(oun), 

and  the  like. 

The  new  compounds  arc  usually  solid  products  which 
are  salt-like  in  character.  Many  of  the  compounds  dissolve 

in  Wlltcr.  Thp  rrJ o r  ftf  _ _ _ i  •  , 


II 

(-C-Y 

where  V  is  F,  Cl,  Br,  I),  cyano  (- 
( — CC13,  — CFj,  e.c.),  acyl 


40 


-CN),  trihalomethyl 


formyl 


O 

II 

-C-K') 


4.5 


O 
II 

(-c-nj 


mtro  (—  NO;.),  nitroso  ( — NO),  azo  ( — N=N R') 

rnfu°.j(TS?jH)’  sulfonyI  (— SO:R'),  bydrocarbonoxy 
(UK  ),  hydrocarbonmcrcapto  (—SR'),  and  mercuric 
acetyl 


50 


o 

II 


55 


80 


(-iigoccnj 

R\  where  used  in  the  above  substituents  is  a  monovalent 
organic  group  w  ilch  is  preferably  a  hydrocarbon  group 

,^;»ylUcry51°alk>1’  ,atiken>'1*  cycloalkenyl,  aryl,  alkaryl, 
ar.aiR.yi)  uj  at  rrtOst  lo  *wUibons. 

'The  number  of  substituents  which  can  be  present  on 
the  dor.,  j  ah  3rododecarborate(2-)  anion  is  not  less  than 
1  or  more  th  .n  12.  Thus,  the  anion  fGI2H13Xr)-’,  in  the 

J","T  Mj(B i3H!2.rXr)h,  can  range  from 
(JiaHuX)  -  through  successively  decreasing  hvdrogen  63 
content  to  (B12  '>■12)  *■ 

Examples  of  the  new  compounds  of  the  invention  il¬ 
lustrated  by  formulas,  are  as  follows: 


■  •  - . .  ui  me  compounds  aissoive 

in  water.  The  color  of  the  compounds  is  dependent  on 
the  nature  of  the  M  group  and  of  the  electrophilic  group 
bonded  to  boron.  For  example,  the  cupric  ammonium  salts 
arc  bright  blue,  alkali  metal  salts  are  usually  white 
Most  of  the  compounds  are  stable  and  usually  can  be 
handled  in  a  conventional  manner.  Thus,  compounds  hav¬ 
ing  halogen,  alkyl  or  acyl  substituents  are  stable  and  they 
can  be  kept  in  storage  for  prolonged  periods  in  ordinary 
containers.  However,  the  precautions  usually  followed 
in  handling  new  compositions  should  be  employed 
Y  lno„lCOPe?[  tlle,m°novalent  groups  encompassed  by 
finn  ran  Kn"  ^ormula  1  for  the  compounds  of  the  inven- 

for  Ohi* -  Unmrst00d  morc  c,ear|y  by  describing  met],ods 
for  obtaining  the  compounds. 

The  icnic  charge  of  -2  on  the  boron-containing  anion, 
which  was  discussed  previously,  refers  to  a  charge  which 
is  inherent  in  the  boron-hydrogen  cage  structure.  The 
value  of  the  ionic  charge  is  independently  of  and  does  not 
£ke  into  consideration  any  ionic  charge  which  may  reside 

™s^S  “UeMSB  y  Vi?Ue  °f  ‘!°nizabl<>  f Jnc‘ion..l 
groups.  Th-  ion.,  which  are.  formed  by  ionizable  subsiit- 

EE™  C°-"-'deued  10  **  part  of  the  X  groups  and  are 
included  wnmn  the  scope  of  these  groups.  For  example 

co.ooxyl,  sutfo,  ammo,  thiol  and  like  substituents  will 
function  as  groups  which  possess  acidic  or  basic  proper¬ 
ties  Which  are  mdeptffcft  cf  U«  bCFGfl  slluUure. 


[(C,n,),.V].B,;UnOn,  lfC:II,):N-U,J,B,:TI„(OH)1 
IlgBi-E-etOrrij,  (njOJ-BnIIiiCOOII,  1(CH, ;1>-MIJJ.Ei:n1cCl; 
CaBirltiCi,,  Yu;B,;IT,i,(CIJ;);,  Na-B,;IT,(C,n;)i 


t  O 

Li-n,:u.iCocn,,  ;Ai(ti:0)ii-(Bi;ir„cNir..), 


<5 


Preparation  of  compounds 
Electrophilic  substitution. -in  this  method,  which  in- 
™'v„es  ^j^A  direct  substitution  of  hydrogen,  two  reactants 
are  employed  which  are  defined  as  follows: 

COmFOund  o{  the  general  formula 
rivirvr :3  ritreinrM’  a  and  b  have  the  meanings 

poundr  m  3enenC  F°rmuIa  1  for  the  novel  com- 

*LLX**f***  °f  in,r°ducing  an  electrophilic 
fon  hnnT'a1  ,ben7L’ne,ni'C  eUS  by  fepfacement  of  hydro¬ 
gen  bonded  to  a  carbon  of  said  nucleus.  This  second 
reactant  ,s  referred  to  as  an  electrophilic  reag^T 

dela are  ^cussed 


'1 


•  I 
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The  boron-containing  reactant,  Ma(B]2Hi2)b.  is  a  di-  effect  a  substitution  reaction  in  a  benzene  nucieus.  These 
basic  acid  or  ?.  sail  of  a  d'tasic  acid  v,  l.kl.  has,  as  a  reagents,  in  view  of  the  extensive  wort,  which  lias  been 
characterising  group,  a  divalent  anion,  (B12Hi2)~2.  This  done  on  substitution  reactions  in  the  benzene  nucleus, 
anion  will  oc  refererred  to  ?  the  “dodecahydrododecabo-  form  a  well-known  group  of  compounds. 
rale(2— )  anion”  or,  for  simplicity,  as  “dodecahydrode-  r  Electrophilic  reagents  which  arc  broadly  operable  in 
caborate(2-).”  J  the  process  are  reagents  which  will  effect  direct  substitu- 

At  this  point,  it  should  be  noted  that  the  novelly  of  tion  of  hydrogen  bonded  to  carbon  of  a  benzene  nucleus, 
the  compounds  of  the  invention  is  such  that  no  officially  i.e.|  the  hydrogen  is  replaced  by  a  group  derived  ftom 
approved  system  of  nomenclature  has  yet  beer,  established.  the  electrophilic  reagent.  Electrophilic  reagents  are  eom- 
The  name  “dodecahydrododccaborate(2-)  “follows  the  . .  pounds  which  react  by  acquiring  electrons  or  acquiring  a 
lines  recommended  for  naming  other  boron  compounds  J  share  in  electrons  which  previously  belonged  to  a  foreign 
and  its  use  here  permitr  the  logical  naming  of  a  derivative  molecule  (see  ingold,  vide  supra,  p.  201).  Examples  of 
of  the  (B12H12)-2  anion  as  a  substituted  “dodccabo-  electropnilic  reagents  which  are  within  the  scope  of  the 
rate(2-).”  above  definition  and  which  are  operable  in  the  process  of 

Dodecahydrododecaborate(-2)  is  an  unusual  species  of  j-  the  invention  are  given  below,  together  with  the  substit- 
divalent  anion  which  has  remarkable  and  urex-^cled  '  uent  crou.  which  in  the  roccss  is  bondej  to  boron  in 
chemical  properties.  In  many  respects  it  shows  much  the  final  product 


greater  chemical  stability  than  any  previous  reported  In  the  above  groups,  R"  is  a  monovalent  organic  radi- 

boron  hydrides,  whether  neutral  or  bearing  a  charge.  For  cal,  preferably  hydrocarbon  of  at  most  18  carbons,  which 
example,  the  anion  is  inert  to  sodium  methoxide  in  reflux-  45  can  be  alkyl,  alkyenl,  cycloalkyl,  cycloalkenyl,  aryl, 
irg  methanol  and  it  does  not  hydrolyze  in  water.  The  alkaryl,  aralkyl,  and  the  like. 

anion  forms  salts  with  basic  materials,  e.g.,  amines  and  In  the  reactions  employing  some  of  the  above  electro¬ 

metals,  and  from  these  salts  there  can  be  obtained  a  philic  reagents,  a  catalyst  may  be  used,  e.g.,  aluminium  tri- 
strongly  acidic  hydromuni  compound  by  treatment  with  chloride,  boron  Iriikoride  and  polypbosphoric  acid.  These 
an  ion  exchange  resin.  Solutions  of  silver  nitrate  are  not  00  catalysts  are  employed  in  the  same  manner  as  in  the  well- 
reduced  by  aqueous  solutions  containing  the  known  procedures  in  organic  chemistry.  In  some  cases 

anion,  a  behavior  which  is  in  marked  contrast  10  the  the  boron  compounds  themselves  function  as  catalysts, 
behavior  of  other  boion  hydrides.  The  stability  of  the  e.g.,  in  alkylation  of  (H3CA2Bi2HI2. 

B12H12-2  union  to  strong  bases,  strong  acids,  and  oxidiz-  The  electrophilic  reagents  employed  in  the  process 

ing  agents  is  unique  for  boron  hydride  structure*.  55  are  materials  which  are  usually  readily  available  of  which 

It  is  surprising,  in  view  of  the  chemical  stability  de-  are  obtained  by  conventional  methods, 
scribed  above,  to  find  that  the  dodecahydrododecabo-  I-  is  evident  from  the  above  discussion  that  a  wide 

rnte(2-)  anion  undergoes  a  wide  range  of  substitution  range  of  processes  is  available  for  the  preparation  of  corn- 

reactions  in  a  manner  which  resembles  the  behavior  of  pounds  of  th-  invention.  These  processes  are  illustrated 
a  caibocyclic  aromatic  compound,  e.g.,  benzene  or  naph-  00  more  fully  in  the  examples  which  are  given  later  in  the 
tbatcnc.  More  specifically,  the  hydrogens  bonded  to  boron  discussion  of  the  invenlion. 

in  the  B12H12-2  group  are  replaceable  by  substituents  Processes  which  are  employed  to  introduce  one  or  more 

which  can  also  replace  hydrogen  bonded  to  nuclear  car-  X  groups  on  the  boron  cage  are  not  necessarily  identical 
bon  in  benzene  or  a  substituted  benzene  such  as  toiuene.  with  the  processes  employed  to  introduce  the  X  groups 
This  behavior  of  the  dodecarydrododecaborate(2-)  anion  05  on  a  benzene  nucieus.  Consideration  must  be  given  to 
is  particularly  surprising  in  view  of  the  completely  inor-  differences  in  reactivity  or  in  reaction  mechanism  between 
ganic  composition  of  the  anion.  It  is  the  previously  un-  a  completely  inorganic  system,  as  represented  by  the 
known  “aromatic  character  ”  of  the  dodecahydrodode-  B'.2Hi2-2  anion  and  an  organic  aron, alio  system  represent- 
caboratc(2_)  anion  which  f  irms  the  basis  of  the  present  ed  by  the  benzene  ring. 

invention  leading  to  a  broad  range  of  novel  substituted  70  It  is  further  noted  that  in  the  preparation  of  com- 

dodecaborates(2~).  pounds  of  the  invention  by  methods  discussed  earlier  the 

It  is  evident  from  tire  above  description  of  the  chemistry  substituent  which  ultimately  is  bonded  to  !  ^ron  in  the 
of  the  dodeeahydrododecaborale(2-)  anion  that  the  see-  final  product  is  not  necessarily  the  substituent  which 
ond  reactant,.  !  e,  the  electrophilic  reagent,  em gloved  in  would  be  obtained  with  a  rocess  irmal  yi*C  n  <a- 
p-eparing  the  novel  compounds  is  a  reagent  which  can  75  tional  carbocyclic  aromatic  reactant.  To  illustrate,  reac- 
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tion  of  formaldehyde  with  a  dodecuhydrododerabo- 
ratc(2_)  yields  a  compound  of  Formula  1  in  which  X 
is  — OCH,  instead  of  — -CH,OH  which  might  be  obtained. 
Variations  of  this  nature  from  conventional  results  are, 
as  mentioned  earlier,,  oot  unexpected  in  view  of  the  com- 
pleiely  inorganic  character  of  the  dodecahydrododecubo- 
ralc(2_)  ar.ion.  Such  variations  do  not  change  the  v*ew 
of  the  basic  aromatic  character  of  the  boron  sphere  or 
cage  in  the  dcxlccaboratc  anion. 

Difference-.  in  preparative  procedures  ur  varialiutis  hi 
the  tvpes  of  substituents  which  may  be  obtained  do  not 
change  in  any  way  the  common  characteristics  or  property 
of  all  tr,c  X  groups,  i.e.,  the  property  of  bonding  to  a 
nttcleai  carbon  of  a  benzene  ring. 

It  is  surprises  that,  despite  the  inorganic  nature  of  the  35 
boron-containing  reactant,  so  many  of  the  processes  em¬ 
ployed  in  aromatic  chemistry  are,  in  fact,  operable  in 
the  present  invention,  e  g.,  the  processes  of  halogcnaticn, 
alkylation,  acylation,  animation  and  the  like.  Even  more 
surprising  and  unexpected  is  the  fact  that  the  X  groups  20 
bonded  to  boron  in  the  dodecaborate(2~)  anion  exhibit 
a  chemical  behavior  in  subsequent  reactions  which  re- 
scmoies  closely  tbe  Pehavior  of  the  same  X  groups  bonded 
to  a  nuclear  caroon  of  an  aromatic  ring.  This  similarity 
in  behavior  permits  the  preparation  of  a  broad  range  of  23 
X  substituents  bonded  to  the  boron  cage. 

The  boron  hydride  reactants  of  the  formula 

are  materials  which  can  be  obtained  by  relatively  simple  30 
methods  from  an  alkali  metal  borohydride,  e.g.,  NaBR,, 
and  dihoranc  Tbe  preparation  of  representative 

dodecahydrododecaborates  employed  as  reaciauis  is  illus¬ 
trated  in  examples  given  in  later  paragraphs. 

Reaction  of  the  dodecahydrododecaborates-)  salts  35 
to  obtain  the  compounds  of  the  invention  is  conducted  in 
conventional  vessels  with  corrosion-resistant  inner  sur¬ 
faces.  e  g.,  glass,  platinum,  poly(tetrafluoroethylene)resin, 
and  the  like.  The  dodecahydrododecaborate  salt 

M.(BiaHu)b  40 

and.  optionally,  an  inert  liquid  solvent  is  charged  into  the 
reaction  vessel.  The  electrophilic  reactant  is  then  supplied 
to  the  reaction  vessel  at  a  temperature  and  at  a  rate  which 
will  provide  a  controllable  reaction  and  which  will  bring 
the  reaction  to  completion  within  a  reascmble  time.  When  45 
electrophilic  reagents  are  employed  which  are  hydrolytic¬ 
ally  stable,  water  or  alcohols  (methanol,  ethanol)  can 
be  used  conveniently  as  a  solvent  for  the  reaction.  Other 
solvents  can  be  used,  for  example,  diethyl  ether,  benzene, 
heptane,  carbon  tetrachloride,  carbon  disulfide  and  the  50 
like. 

The  temperature  at  which  the  reaction  is  conducted  will 
be  determined  la'pely  by  the  reactivity  of  the  electro¬ 
philic  reagent.  In  general,  the  temperature  will  be  between 
about  — 20*  C.  and  150°  C.  Preferably,  the  temperature  55 
will  be  between  about  0°  C.  and  about  100°  C. 

The  time  of  reaction  in  a  batch  process  will  also  de¬ 
pend  to  a  considerable  extent  on  the  reactivity  of  the 
electrophilic  reagent.  The  reaction  generally  proceeds 
rapidly  and,  with  thorough  mixing  of  the  reactants,  the  GO 
time  may  be  as  'ow  as  5  minutes  or  even  less.  Generally 
a  reaction  time  between  about  10  minutes  and  5  hours  is 
sufficient.  It  is  desirable  and  advantageous  to  mix  the  re¬ 
actants  by  any  suitable  means  although  mixing  is  not  es¬ 
sential  for  operability.  In  some  cases,  e.g.,  with  alkyl  GO 
halides  as  the  electrophii.c  reagent,  catalysts  are  used  in 
the  process  ;m ploying  the  technology  of  well-known  or¬ 
ganic  aromatic  chemistry. 

The  reaction  can  be  conducted  under  pressure,  if  de¬ 
sired,  but  it  is  not  essential  to  use  pressure.  In  many  70 
cases,  the  reaction  proceeds  satisfactorily  at  atmospheric 

pressure. 

The  proportions  in  which  the  reactants  arc  used  are  not 
critical.  It  is  preferable,  in  order  to  obtain  maximum  yield 
of  desired  product,  to  use  at  least  one  mole  of  the  elec-  75 
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trophilic  reagent  for  each  hydrogen  which  is  to  be  replaced 
on  the  dodecarbora'.e  (2~ )  ar.ion.  It  is  not  essential,  how¬ 
ever,  that  this  ratio  be  used. 

The  compounds .  re  purified  by  well-known  and  recog¬ 
nized  procedures.  For  the  majority  of  products,  conven¬ 
tional  crystallization  procedures-  are  used,  employing  wa¬ 
ter  op  alcohol  as  solvents.  For  products  of  limited  solu¬ 
bility,  solutions  of  the  compounds  can  be  treated  with 
adsorptive  agents,  e.g.,  activated  carbon  or  silica  gel,  to 
remove  the  in. purities. 

Indirect  substitution. — Tire  compounds  of  the  inven¬ 
tion  can  be  obtained  by  processes  which  are  conducted 
in  two  or  more  steps.  These  processes  are  generally  em¬ 
ployed  to  obtain  compounds  of  Formula  1  in  which  X 
is  hvdroxyl,  amine  or  substituted  amine. 

In  one  method  of  operation,  a  dodecahydrododecabo¬ 
rate  sail,  an  amide  of  a  carboxylic  acid  and  an  aqueous 
solution  of  a  hydrogen  halide,  e.g.,  hydrogen  chlonde, 
are  reacted,  generally  with  heating.  The  product  of  the 
reaction  is  isolated  as  a  menu  sail  ana  it  is  tnen  reacted  in 
a  second  step  with  an  aqueous  solution  of  an  alkali  metal 
hydroxide  to  obtain  a  compound  of  formula  1  in  which 
X  is  —OH. 

In  a  second  method  of  operation,  hydrates  of  metal 
salts  of  dodecahydrododecaborates  are  heated  under  re¬ 
duced  pressure  over  drying  agents  to  obtain  compounds 
of  Formula  1  in  which  X  is  —OH.  This  method  is  especial¬ 
ly  useful  for  obtaining  compounds  which  have  a  plurality 
of  — OH  groups. 

Compounds  of  Formula  1  in  which  X  is  amine  or  a 
substituted  amine  are  obtained  by  several  methods.  In  one 
method  a  dodecarhorate  (2~),  either  as  the  acid  or  metal 
salts  of  the  acid,  is  reacted  with  an  hydroxylamine-O-  sul¬ 
fonic  acid,  generally  in  a  neutral  aqueous  solution.  The 
reaction  proceeds  readily  at  moderate  temperatures  and 
the  amine-substituted  compound  is  isolated  by  conven¬ 
tional  procedures.  \ 

A  second  method  of  preparing  compounds  bearing 
amine  groups  consists  in  mixing  a  aodccabornte(2-)  acid, 
e.g.,  H2BI2H,2  or.  in  its  hydronium  form, 
and  an  amide  in  aqueous  solution.  The  solution  is  heated 
until  water  is  removed  completely  and  it  is  then  refluxed. 
Dilution  of  the  solution  with  an  alcohol,  e.g.,  CH3OH, 
followed  by  addition  of  a  salt  having  an  appropriate  cation 
leads  to  the  isolation  of  a  compound  of  generic  Formula 
1  in  which  X  is  — NH2,  — NHR'  or  — NR2'. 

A  second  group  of  products  is  obtained  in  this  reaction 
which  are  compounds  of  Formula  1  in  which  X  is  formyl- 
oxy  or  hydrocarboncarbonyloxy,  i.e.,  — OC(0)H  or 
— OC(0)R'.  To  illustrate,  w'ith  dimethylformamide  as  the 
reactant,  compounds  of  Formula  1  are  obtained  in  which 
X  is  — OC(0)H:  with  dimelhylacetamide,  compounds  in 
which  X  is  — OC(0)CHj  are  obtained.  This  group  of  com¬ 
pounds  is  also  obtained  readily  by  esterification  of  the 
hydroxyl-bearing  compounds  as  described  below. 

The  hydroxyl-  and  amine-substituted  compounds  can 
be  used  as  intermediates  for  the  preparation  of  compounds 
of  the  invention  ir.  which  X  is  bonded  to  boron  through 
oxygen  or  nitrogen.  To  illustrate,  the  hydroxvl-bearing 
compound  is  reacted  with  acids,  acid  halides  or  acid  an¬ 
hydrides  to  obta’i  '.'emoounds  in  which  X  represents  an 
ester  group  [ — OCtO)R',  or  — OC(O)H):  with  isocya¬ 
nates  to  obtain  compounds  in  which  X  is  — OCfO)NHR'; 
with  olefins  to  obtain  compounds  in  which  X  is  — OR'; 
with  acetylenic  compounds  to  obtain  products  in  which  X 
is — OCH=CHR':  with  sulfonyl  halides  to  obtain  products 
in  which  X  is  — OS02R',  and  the  like.  As  a  further  illus¬ 
tration,  the  amine-bearing  compounds  can  be  acylated  to 
give  products  having  groups  such  as  — NHC(0)R'  and 
they  can  be  reacted  with  isocyanates  to  obtain  compounds 
having  groups  such  as  — NHC(0)NHR'.  Amine-substi¬ 
tuted  ( — NH2)  compounds  can  also  be  alkylated,  e.g., 
with  dialkyl  sulfates,  to  obtain  compounds  bearing 
- -NHR’ and — NR2' groups. 

In  the  above  description,  R'  has  (he  meaning  defined 
in  an  earlier  paragraph.  To  illustrate,  by  using,  '.he  ap- 
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propi  hie  nmino-xubslitutcd  polyboratc  and  acid  halide, 
iherc  can  be  obtained 

o  o 

ii  I 

N»:n„H1>(NII-CCli,)=,  IN  It  tkUulI  io(NlIC  C*ils)i 
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and  the  like. 

Compounds  bearing  carboxy  groups  or  esters  and 
amides  1  hereof  are  obtained  by  reacting  the  acid  10 

gstr.Tall,  a  h,d...te  1  Hi30)2U,2M,2  nllTt,  when.  n  has 
a  value  of  up  to  1.1]  with  carbon  monoxide  under  super- 
atmosphciic  pressure.  The  product  thus  obtained  is  dis¬ 
solved  in  water  or  in  alcohols  to  obtain  compounds  bearing  15 
carboxvl  groups  o,  esterified  carboxyl  groups.  The  product 
of  the  carbon  monoxide  reac  ion  can  be  reacted  with  am¬ 
monia  or  amines  to  obtain  compounds  bearing  amide 
groups.  The  compounds  arc  most  conveniently  isolated  in 
the  form  of  salts,  e.g.,  metal  or  nitrogen  base  salts,  oq 
Products  bearing  carbacyl  halide  groups  (e.g.,  — COC1), 
can  be  obtained  by  reacting  carboxy-substituted  com¬ 
pounds  with  a  haloccnatinc  accnt,  e.g.,  PC!S.  AsC15  and  the 
like. 

X  gro'ins  which  arc  not  aiike. — The  processes  which  05 
have  been  described  can  be  employed  to  obtain  compounds 
having  one  or  more  X  groups.  These  groups,  if  more  than 
one  is  present,  can  be  alike  or  different.  To  obtain  com¬ 
pounds  having  two  or  more  X  groups  which  ate  unlike,  the 
dodecahydrododecaborate  is  reacted  with  one  electrophilic  30 
reagent  until  the  desired  number  of  substituents  are  intro¬ 
duced  and  the  partially  substituted  product  is  then  reacted 
with  a  second  electrophilic  reagent.  The  intermediate 
partially  substituted  product  can,  if  desired,  be  isolated 
prior  to  reaction  with  the  second  electrophilic  reagent.  The  33 
process  can  be  repeated  with  a  third  electrophilic  reagent, 
or  even  further,  um.i  all  hydrogens  bonded  to  borons  have 
been  replaced.  Further  modification  of  various  substituent 
groups  can  be  accomplished  by  conventional  methods  to 
obtain  compounds  having  a  broad  range  of  X  groups.  40 

To  illustrate,  compounds  of  the  following  formulas  can 
be  obtained  by  the  methods  described  above: 

MgBuHaCUNHj), 

SrBi2C4(OH)« 

K2n12HB(C02H)2(SCH3)2  45 

.  r(CH3)3S],B12H10(SCH3)NOj 
Zn(Ii30)4B,2He(CH3)2(0H)2 
Cof.NH3)6B12H8(C2H5)2(0:i)a 
H2Bl2H10lC(O)CH3](CC3H7) 
(C1oH;N1I3)2B1,H=C10(OH)2(SC4H9)j  so 

[(QH^PhBuClsBrjF^SCH^j 
(CsH5NH),B12H2Clg(N3)j 
iCjH3N(CiCH33)]2B12H4Cl5(OC2H5}2(SCH3) 
Ag2Bi2Cl5Br7 

AgjBuClioCOCK^HiOCHj)^  S3 

and  the  like. 

In  the  processes  described  above,  direct  replacement  of 
hydrogen  bonded  to  boron  by  another  clement  or  group 
of  elements  can  occur,  i.e.,  substitution,  or  the  substituent  <50 
atom  or  group  can  be  replaced  wholly  or  in  part  by  some 
other  atom  or  group,  i.e.,  displacement.  Whether  the  re¬ 
action  is  substitution,  replacement  or  displacement,  there 
is  no  change  in  the  geometry  of  the  dodecaborate  cage  or 
dodccaborate  moiety.  G- 

Mctathetic  reactions. — Compounds  of  Formula  1 
wherein  M  covers  a  wide  range  of  cations  are  obtained  by 
simple  metathetic  reactions.  To  illustrate,  an  aqueous  solu¬ 
tion  of  a  compound  of  Formula  1  where  M  is  NH4+  is 
contacted  with  a  strong  acid  or  with  a  strongly  acidic  70 
cation  exchange  resin  to  obtain  the  free  acid,  i.e.,  a  com¬ 
pound  of  Formula  1  in  which  M  is  H.  The  acid,  generally 
in  solution,  is  reacted  with  metals,  oxides  of  metals,  hy¬ 
droxides  of  metals,  salts  of  metals  (both  organic  and  in¬ 
organic),  nitrogen  bases,  sulfonium  hydroxides  or  halides,  75 


phosphonium  hydroxides  or  halides,  aryldiazonium  hy¬ 
droxides  or  halides,  and  similar  types  of  compounds  to 
obtain  products  of  Formula  1  which  have  the  desired 
cation  M.  In  a  process  employing  an  ion-exchange  resin, 
strongly  acidic  resins  of  the  sulfonic  acid  variety  are  pre¬ 
ferred  because  of  availability,  e.g.,  “Amherlite  IR-120H" 
and  “Dcwex”  50.  The  acid,  so  obtained  in  aqueous  solu¬ 
tion,  can  be  reacted  with  nitrates,  chlorides,  bromides, 
acetates,  benzoates  and  similar  salts  of  metals  or  other 
bases  to  obtain  salts  of  Formula  1. 

To  illustrate,  an  aqueous  solution  of  Cs-B^i  fjCl-.o  is 
passed  d. rough  a  column  packed  with  “Amberlne  lk-12u- 
H”  to  obtain  in  aqueous  solution  the  acid  H;Bi2H2Cl)o. 
The  aqueous  solution  is  evaporated  under  reduced  pressure 
to  obtain  the  concentrated  acid,  either  as  a  hydrate  of  the 
formula  (H3O)2Bi2H2CIi0  or  as  the  free  acid  k2Bi2H2Cli0. 
Examples  of  ether  acids  which  can  be  obtained  and  the 
salts  from  which  they  can  be  derived  are  as  follows: 


Compound 


Acid  obtained 


Ni-n.iII.Cli . 

|iCII;>,\l;n,iUi>’)r: . Il:tI!i:IIi(Hn) 

K:1i><I1:CIm .  H:(lii;H:Ctit> 

Ll;Iii:C!,: .  HjHiiCIij 

(tCII3),N]:ll,.IIiol! . Il:Ui:Ui[.L' 

N'u;IIi:Ui!(\'0:)i .  HjBuHitiNO:)! 

KjlIuUuCN . HrUisliiiCN 

0  O 

Nn:n-n„(^Cir:)} . HcBuIInfCrn,)) 

|rCll,;«N1.'B,iIIsCI)IOU)j .  UjBuHiClilOH)! 

CS:H.:!t,oiSOiCtHi)j .  HrliuHielSO.CtHjb 

OsA'.nHiolCHICHi);], . HiBeUiclCHICHUib 

Compounds  of  Formula  1  where  M  is  an  alkali  or 
alkaline  earth  metal,  e.g.,  Na,  K,  Cs,  Ca,  Ba,  Mg,  and  Sr, 
can  undergo  simple  metathetic  reactions  with  other  salts 
to  effect  an  exchange  of  cations.  Thus,  Na:B,2Hi0Cl2  or 
K2Bi:H8(OH)4  can  be  reacted  in  aqueous  solution  with 
ammonium  sulfate,  benzenediazonium  hydroxide,  pyri- 
dinium  chloride,  morpholinium  sulfate,  polyethyleneimine 
hydrochloride,  and  the  like,  to  form  compounds  of  For¬ 
mula  1  having  ammonium,  benzenediazonium,  pyridin- 
ium,  morpholinium,  and  the  like,  as  cations.  These  illus¬ 
trations  are  not  limiting  and  they  demonstrate  the  breadth 
of  metathetic  reactions  which  can  be  used. 

Compounds  of  the  invention  in  which  the  group  M  is 
a  metal,  particularly  a  transition  metal,  or  a  Werner-type 
complex,  frequently  contain  solvent  of  crystallization 
when  isolated  by  conventional  methods.  The  solvent,  e.g., 
water,  con  be  bound  loosely  in  the  lattices  of  the  crystals 
or  it  can  be  asiociated  by  stronger  bonds  with  the  metal 
cation  or  Werner-type  complex  cation.  Solvent  of  crystal¬ 
lization,  entrapped  in  crystal  lattices,  is  removed  easily 
by  well-known  procedures,  e.g.,  heating  under  reduced 
pressure.  Solvent  of  crystallization  which  is  associated 
with  the  cation  is  more  difficult  to  remove,  and  for  most 
applications,  it  is  not  necessary  to  remove  completely  this 
type  of  bound  solvent 

The  products  of  the  invention  and  processes  for  obtain¬ 
ing  them  are  illustrated  in  the  following  examples. 

Preparations  of  representative  dodecr-.hydrododecabo- 
rates,  and  a  bis(carbonyl)dodecaboranc(  10).  are  illus¬ 
trated  in  Examples  A,  B,  C,  D  and  E.  The  products  as 
obtained,  are  used  as  reactants  to  prepare  the  compounds 
of  the  invention. 

EXAMPLE  A 

A  pressure  vessel  of  400  ml.  capacity  is  charged  with 
9.5  g.  of  sodium  hydroborate  and  75  ml.  of  1,2-dimethoxy- 
ethane,  also  called  “glyme.”  The  vessel  is  closed,  cooled 
to  —80°  C.  and  evacuated  to  a  pressure  of  about  0.001 
mm.  of  mercury.  Diborane  (14.0  g.)  is  charged  i>i/0  the 
ves;.;l  which  is  then  scaled  and  heated  with  1 1:  tation 
under  autogenous  pressure  for  10  hours  at  120°  t  The 
molar  ratio  of  NaBH*  to  B2He  in  this  reaction  is  1:2 
The  reactor  is  cooled,  the  volatile  products  are  relented 
by  venting  and  the  content:,  of  the  tube  are  washco  into 
a  receiver  with  glyme.  A  suspension  of  a  white  solid  in 
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*»  yellow  liquid  is  formed  from  which  the  solid  is  separated 
by  filtration.  The  solid  is  dissolved  in  hot  tetrahydro- 
furan  and  the  solution  is  filtered  to  temove  a  trace  of  un¬ 
reacted  sodium  hydroborate.  The  hot  nitrate  is  diluted 
with  glynie  and  chilled  to  yield  14.0  g.  of  disotiium  poly- 
hydiopolyboratc(2-)  as  long,  glistening  white  needles. 
The  compound  crystallizes  with  l,2-dimetho\ycdiane  and 
water.  The  compound  has  the  following  in.rared  absorp¬ 
tion  frequencies:  2.8m.  sharp,  medium;  3.9m  with  4.02m 
shoulder,  sharp,  strong;  6.2,  7.8  and  8.4m,  sharp,  medium; 
9.3m,  medium,  sharp,  strong;  10.9m,  sharp,  strong;  and 
13.9m,  broad,  weak.  The  compound  shows  the  absorption 
bands  which  are  characteristic  of  the  dodecahydrododeca- 
borate  anion.  It  has  the  following  elemental  analysis: 


methylammonium)  uodccahydrododecabora!e(2~).  The 
compound  can  be  purified  by  rccrystallization  from 
water. 

The  infrared  absorption  spectrum  of  the  compound  is 
as  follows,  using  a  Nujol  mull:  3.95m,  sharp,  strong;  fine 
structure  at  4.9-6..V,  weak;  7.8 m,  sharp,  medium;  9.4m. 
sharp,  strong;  and  [for  the  (CH3),N+  cation],  10.5m, 
sharp,  strong. 

(B)  An  aoueous  solution  of  the  free  acid  (HjBuWu) 
obtained  from  Na2Bj;H|-  is  neutralized  by  treatment 
with  cesium  hydroxide.  A  while  solid  precipitates  which 
is  separated  by  filtration  and  dried  as  described  above. 


Danus  wnicti  are  characteristic  of  the  dodecahydrododeca-  The  product,  which  is  Cs*B,sH15,  is  sparingly  soluble  in 
borate  anion.  It  has  the  following  elemental  analysis:  water  and  it  is  characterized  by  the  following  infrared 

Analysis  found  C,  14.33;  H,  7.09;  B,  45.08;  h’a,  16.1.  jg  absorption  bands:  3.9m.  9.35m,  sharp,  strong;  14.0m,  sharp, 
The  compound  therefore  is  a  soivate  of  disodium  medium;  13.3m,  medium  broad,  weak. 


dodecahydrododecaborate  having  the  following  composi¬ 
tion:  Na2Bi:Hl;,-0.S6C4H10O2-  1.25H20. 

The  compound  can  be  obtained  as  its  hydrate,  free  of 


(C)  An  aqueous  solution  of  H-B]2Hi2,  obtained  from 
Na2B12H)2,  is  stirred  with  an  excess  of  nickelous  carbon¬ 
ate  (NiC03)  until  no  further  solution  of  the  carbonate  is 


ether  of  solvattcn,  by  rccrystallization  from  a  large  quan-  2o  observed.  The  excess  reaaent  is  removed  by  filtration  and 
tity  of  diethyl  ether  or  tetrahydrofurhn/diethyl  ether  mix-  the  filtrate  is  evaporated'  by  gentle  warming  at  25  mm. 
tures,  followed  by  drying  under  reduced  pressure.  The  pressure.  The  residual  solid  is" dried  at  about  25°  C.  and 
ether-free  hydrate  has  infrared  abco-ption  characteristics  at  a  final  pressure  of  25  microns.  There  is  obtained  a  pale 
as  follows:  2.8m,  sharp,  medium;  3.9m,  sharp,  strong;  6.2m,  green,  very  water-soluble  hydrated  nickel  dodecahydro- 
sharp,  medium;  9.25m,  sharp,  medium;  and  13.9m,  broad,  os  dodecaborateP-) 

T — ! _ _ 1..  •  •  __  r  II-  ....  r-> »  ...  _  .  .  _ 


medium.  The  elemental  analysis  is  as  follows:  Found — 
H.  6.56;  B,  62.02;  Na,  20.5. 

The  compound  is  therefore  a  monc hydrate  of  disodium 
dodecahydrododecaborate,  i.e.,  Na2B12Hi2-H20  (calcu¬ 
lated  analysis:  H,  6.85;  B.  63.05;  Na,  22.32). 

The  dihydrate,  Na2B12H12-2H20,  is  obtained  in  the 
above  process  by  less  intensive  drying  of  the  crystals. 

EXAMPLE  B 


An  aqueous  solution  of  3.2  g.  of  Na2B,2H12  (with  water  35 
and  1,2-dimethoxyethane  as  solvents  of  crystallization), 
obtained  as  described  in  Example  A,  is  mixed  with  an 
aqueous  solution  of  12  g.  of  cesium  fluoride.  A  heavy 
white  precipitate  forms  which  dissolves  in  the  reaction 
mixture  on  warming.  On  cooling,  fine  white  crystals  form  40 
which  are  separated  by  filtration  and  dried.  There  is  ob¬ 
tained  3.2  g.  of  cesium  dodecahydrododecaborate(2-) 
with  1,2-dime'hoxyetbane  as  solvent  of  crystallization. 

EXAMPLE  C 


A nalysis.— Calc’d  for  NiB,2Hi2-6!4H20  (percent):  Ni, 
18.74;  B,  41.45;  H,  7.88.  Found  (percent):  Ni,  18.72, 
18.68;  B,  41.18,  41.44;  H,  8.05,  9.01. 

(D)  An  aqueous  solution  of  H2F!12HJ2  is  neutralized 
30  with  an  aqueous  solution  of  KOH.  The  solution  is  evap¬ 
orated  to  dryness  under  reduced  pressure  to  obtain  a  hy¬ 
drate  of  K2BI2H12  as  a  solid  crystalline  product.  The  de¬ 
gree  of  hydration  is  not  critical  and  the  compound  is 
employed  in  reactions  as  obtained  above. 


EXAMPLE  E 
Preparation  of  B12Hi0-2CO 


An  aqueous  solution  containing  0.43  g.  of  the  hydrate 
of  disodium  dodecahydrododccaborate(2~)  is  passed 
through  a  0.5"  diameter  chromatography  column  con¬ 
taining  80  ml.  of  the  ion-exchange  resin  of  the  cross- 


40  A  silver-lined  shaker  tube  (capacity,  400  ml.)  is 
charged  with  20  g.  of  a  hydrate  of  H2B12HI2  containing 
4—6  moles  of  water  per  mole  of  acid.  The  tube  is  sealed 
and  evacuated  to  a  low  pressure.  The  tube  is  attached  to 
a  shaker,  heated  cautiouslv  and  carbon  monoxide  is  ad- 
4-  milted  under  pressure  in  several  stages  until  a  tempera¬ 
ture  of  80°  C.  and  a  pressure  of  1000  atmospheres  is 
reached.  The  tube  is  shaken  for  5  hour;  at  80°  C.  and 
975-1000  atmospheres  with  repressuring  with  CO  as  nec¬ 
essary.  At  the  end  of  this  time  the  tube  is  cooled  to  at- 


linked  polystyrenesulfonic  acid  type.  The  strongly  acid  5(J  mospheric  temperature  (ca.  25°  C.)  and  it  is  vented  to 
effluent  from  the  column  is  evaporated  to  remove  all  remove  unreacted  carbon  monoxide, 
materials  volatile  at  less  than  0.001  mm.  at  45°  C.  There  A  portion  of  the  semisolid  reaction  product  is  dried 
remains  0.38  g.  of  a  very  white,  crystalline,  very  hygro-  under  reduced  pressure  is  a  sublimation  apparatus  and 

scopic  solid  which  is  a  hydrate  of  dihydrogen  dodeca-  the  dried  material  is  heated  at  100°  C.  C./l  mm  He  pres- 


hydrododecaborntc(2-).  The  acid  titrates  as  a  very'  strong  „  sure.  The  compound  B]2Hio-2CO,  which  can  also  be 


acid,  having  an  equivalence  point  at  a  pH  of  7.  The  infra-  ””  written  as  Bi2Hi0(CO)2,  is  collected  as  a  crystalline  sub- 

red  absorption  spectrum  of  the  acid,  which  has  the  for-  Jimate. 

rnula  H2B12Hi2,  shows  strong  absorption  at  3.98m  ana  Analysis. — Calc’d  for  BI2Hi0-2CO  (percent):  C,  12.2; 

9.3m-  The  crystalline  acid,  as  normally  obtained,  con-  H,  5.1;  B,  66.1.  Found  (percent):  C,  13.0;  H,  5.5;  B,  65A 
tains  from  2  to  10  or  more  moles  of  w'ater  of  hydration.  A  second  portion  of  the  product  (rom’the  shaker  tube 
Two  moles  of  water  of  hydration  are  considered  to  be  is  dried  at  25°  C./l  mm.  pressure  in  the  presence  of 
associated  with  the  hydrogen  ions  and  the  various  hy-  P205  and  extracted  with  hot  benzene.  The  benzene  ex- 
drains  can,  therefore,  be  written  as  (H30)2B32Hi2,  tract  :s  cooled  and  Bj2Hhj*2CO  precipitates  as  a  crystal- 
(H30)2Bi2H12-8H20,  and  the  like.  line  solid.  It  is  separated  by  filtration  and  dried. 

EXAMPLE  D  65  T,lt  infrarcd  absorption  spectrum  of  the  compound  in 

....  ,  .  ...  a  mineral  oil  mull  shows  strong  bands  at  3.9m  and  4.55m; 

(A)  An  aqueous  solution  containing  0.3  g.  of  the  by-  somewhat  weaker  bands  at  9.3m  and  13.8m;  and  weaker 

drate  of  disodium  dodecahydrododecaborate  is  mixed  bands  at  9.1m,  9.8m,  1L7m  and  13.5m. 

with  an  aqueous  solution  containing  an  equal  weight  of  The  procedues  described  in  Example  D  are  generic  for 
tctramethylammonium  chloride.  A  white  precipitate  forms  -0  the  preparation  of  salts  of  the  Bl:H12-2  anion.  The  pro- 
immediately.  The  mixture  is  heated  to  boiling  and  suf-  ‘  ccdrrtj  described  in  Parts  B  and  C  are  particularly  use- 
ficient  methanol  is  added  to  form  a  clear  solution.  The  f.i,  employing  as  one  reactant,  a  base  with  the  desired 
solution  is  chilled  and  white  crystals  from  which  are  cation,  i.c.,  group  M,  to  neutralize  the  acid  H2B,  ,H12.  The 
separated  b,'  filtration,  washed  and  dried  H  v*-;  J.jw  ItJuUan  fpm  be  4*spcr..Msd  hz  in  the  CTtUT  the 

pressure  at  90°  C.  There  is  obtained  0.14  g.  of  bis(tetra-  75  salt  is  soluble  and  does  not  precipitate.  Any  salt  which  is 
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desired  for  use  as  a  reactant  in  substitution  reactions  can, 
therefore,  be  prepared  by  the  above  process. 

1  nc  compounds  cf  ilu  invention  we  further  illustrated 
by  reference  to  the  following  examples: 

EXAMPLE  1  5 

(A)  A  corrosion-resistant  reaction  vessel  is  charged 
with  1  g.  of  CsjDijHhOH,  prepared  as  described  in  Ex¬ 
ample  S,  Part  A.  The  vessel  is  cooled  to  0°  C.  and  15  ml. 
of  anhydrous  HE  is  added.  Tin  mixture  is  agitated  for  1  jq 
hour  at  0°  C.  and  it  is  then  warmed  to  about  25°  C.  to 
volatilize  unreacted  HF.  The  solid  crystalline  product  / 
which  remains  is  principally  Cs2L>;2HuF.  It  contains/ 
5.98%  fluorine  and  the  infrared  spectrum  shows  substan-' 
tially  no  absorption  bands  fot  the  hydroxyl  group.  '  )5 

(13)  A  corrosion-resistant  pressure  vessel  is  cooled  in 
solid  carbon  dioxide  and  it  is  flushed  with  nitrogen..  Die 
vessel  is  charged  with  25  g.  of  anhydrous  HF  and  5.0  g. 
of  hydrated  It  is  closed  and  the  mixture  is  heat¬ 

ed  with  agitation  under  autogenous  pressure  for  4  hours  20 
at  85-100°  C.  The  mixture  is  cooled  to  about  25°  C... 
vented  into  a  corrosion-resistant  container,  and  flushed 
with  nitrogen  to  remove  all  unreacted  hydrogen  fluoride. 
TTic-  rcsiluc  is  removed  and  it  is  neutralized  with  aqueous 


(H)  A  reaction  vessel  is  charged  with  40  ml.  of  water 
and  2.5  g.  of  hydrated  NIB12H|2,  prepared  as  described 
In  Example  13.  Pari  C  A  stream  of  gas  containing  one 
part  fluorine  to  ten  parts  of  nitrogen  is  passed  into  the  . 
reaction  mixture  for  7  hours.  Passage  of  the  gas  mixture 
is  stopped  and  the  reaction  mixture  is  neutralized  v  ith 
NH..OH.  Incipient  precipitation  of  NidxHjHB^F-.iOH 
occurs.  At  this  point  addition  of  NH4OII  is  stopped  and 
the  solution  is  filtered.  Traces  of  the  131'V  ion  a-e  re¬ 
moved  as  the  cesium  and  rubidium  salts  and  the  solution 
which  remains  is  mixed  with  (CHjHNCl  to  precipitate 
tetramcthylammonium  ersium  undecatluerohydroxydoJec- 
aborate(2-).  The  infrared  spectrum  shows  absorption 
bands  as  follows  (expressed  as  cm.-1):  1215,  strong:  725, 
strong,  broad;  1080,  770  and  705,  weak.  Absorp.ion  bands, 
characteristic  of  the  B — H  bonding,  are  absent. 

Analysis. — Calc'd  for  (CHjHNCsBnFnOH  (percent): 

C,  8.53;  H,  2.31;  B,  23.0;  F,  37.1.  Found  (percent):  C,  ’ 
8.72;  H.  2.33;  B,  22.5;  F,  35.6. 

(I)  A  reaction  vessel  of  poly(tetiafiiorocihylene)  resin 
is  charged  with  200  ml.  of  water  and  8.8  g.  of  crystalline 
hydrated  K2B1:H,2.  The  mixtu-c  is  stirred  to  form  a  solu¬ 
tion  and  it  is  cooled  to  about  0°  C.  Fluorine  diluted  with 
nitrogen  (about  5  parts  nitrogen  to  1  part  fluorine)  is 


50%  cesium  hydroxide  solution.  The  precipitate  is  sepa-  25  bubbled  into  the  solution  at  a  rale  of  50  ml. /min.  for  50 
rated  by  filtration  and  it  is  crystallized  from  water  to  ob-  hours.  The  temperature  is  maintained  at  about  0°  C. 
tain  a  white  crystalline  product  which  is  a  mixture  of  during  the  operation.  Flow  of  fluorine  is  stopped  and 
about  80%  Cs2B,2H8F.,  and  20%  CsjB12H7F6.  the  reaction  mixture  is  filtered.  The  filtrate  Is  evaporated 

Analysis.- -Calc'd  for  the  above  mixture  (percent):  B,  in  a  platinum  vessel  at  90-100°  C.  (steam  bath  temoera- 
25.1;  F,  16.5.  Found  (percent):  B,  25.1,  25.0;  F,  16.5,  30  lures)  to  obtain  1 1.9  g.  of  a  viscous  mass  which  solidifies 


The  process  is  repeated,  using  twice  the  quantities  given 
above.  There  is  obtained  a  white  crystalline  solid  which 
is  a  mixture  of  about  30%  Cs^^H^  and  70% 

C52B,2H8F<. 


Analysis. — Calc'd  for  the  above  mixture  (percent):  F, 
14.8.  Found  (percent):  F,  14.87. 

(C)  The  process  of  Fart  B  is  repeated  again  and  there  .0 
is  obtained  in  pure  form  the  tetrafluoro  derivative. 

Analysis. — Calc’d  for  Cs:Bl2H8F4  (percent):  B,  27.0; 

F,  15.7.  Found  (percent):  B,  27.0;  F,  15.7. 

(D)  A  mixture  of  10  g.  of  the  monohydiate  of 
Na2B12H12  and  40  g.  of  anhydrous  KF  is  heated  in  a 
corrosion-resistant  pressure  vessel  at  .90°  C.  for  5  hours  45 
under  autogenous  pressure.  The  vessel  is  cooled,  vented 
ard  nitrogen  gas  is  bubbled  through  it  vigorously  for  4 
hours  at  about  25°  C.  to  remove  unreacted  HF.  The 
residual  reaction  mixture  is  removed  and  it  is  neutralized 
with  aqueous  5n%  CsOH  solution.  The  cesium  salt  which  50 
precipitates  is  separated  and  recry-tallized  three  times 
from  water  to  obtain  16  g.  of  a  mixture  of  about  80% 
Cs2BI2HbF«  and  20%  CS2B12H7F3. 

Analysis . — Calc’d  for  Cs2BnH2  i8Ft2  (percent):  B,  25.1; 


on  cooling.  The  mass  is  neutralized  with  8  ml.  of  7  N 
aqueous  KOH  and  the  mixture  is  filtered.  An  aqueous 
solution  of  6  g.  of  CsF  in  6  nil.  of  water  is  added  to  the 
filtrate  with  stirring  to  precipitate  Cs2Bi;>FnOH.  The  pre- 

Cif  lUtlw  5bpui  tiU.il  1/  f,h.  uiLvi  i.iJHit  AB;;,i_  L  par  .Tidy 
concentrated  to  obtain  an  additional  quantity  of  product. 
Total  yield  of  Cs2B12F,iOH  is  9.S  g.  The  product  is  re- 
crystallized  three  times  from  slightly  more  than  its  weight 
in  water  and  dried  under  reduced  pressure  at  100°  C. 
40  The  infrared  spectrum  of  the  compounds  shows  a  band 
at  2.71-2.73^  (doublet). 

Anlaysis. — Calc’d  for  Cs2BnFnOH  (percent):  Cs.  42.8; 
B,  20.9;  F,  33.6.  Found  (percent):  Cs,  42.4;  B,  21.3;  F, 
33.5. 

EXAMPLE  2 


(A)  A  corrosion-resistant  pressute  vessel  is  cooled  in 
solid  carbon  dioxide  and  flushed  with  nitrogen  gas.  It  is 
charged  with  20  g.  o(  anhydrous  HC1  and  1 1  g.  of  hydrated 
H2B12Hi;  prepared  as  described  in  Example  C.  The  vessel 
50  is  closed  and  the  mixture  is  heated  with  agitation  for  4 
hou  s  at  85°  C.  The  vessel  and  contents  are  cooled  to 
about  25°  C.  and  volatile  products  are  removed  by  vent¬ 
ing.  These  products  include  unreacted  HC1.  The  crude 
product  remaining  in  the-  vessel  is  removed  by  washing 


F,  16.5;  Cs,  55.0.  Found  (percent):  B,  24.34;  F,  16.4;  55  with  ice  water  and  the  aqueous  solution  is  neutralized 


Cs,  57.5. 

(E)  The  process  of  Part  D  is  repented  except  that  the 
temperature  of  die  reaction  is  increased  to  150°  C  The 
compound  obtained  is  Cs2BI2H,r8.  The  infrared  spectrum 


with  aqueous  (CHINCH.  The  solid  which  forms  is 
separated  by  filtration  and  it  is  purified  by  recrystallizaiion 
from  water.  The  compound  is  bi:  (tetramethylnmmoniun) 
monochioroimdecahydrododrcaborate(2-).  It  is  a  white, 


of  the  compound  shows  absorption  at  the  follow  in;-  wave-  (JO  crystalline  product  whose  infrared  spectrum,  taken  in.  a 


lengths;  4.0,  8.5  (strong),  9.4  (weak),  10.2  (stone). 
10.7,  11.6,  12.1  and  13.8/n 

Analysis. — Calc’d  for  Cs2BI2H.F9  (percent):  B,  25.0: 
F,  22.1.  Found  (percent):  B,  24.3;  F,  21.6. 

(F)  Anhydrous  K2B12Hi2  and  HF  are  reacted  at  150° 
C.  under  the  conditions  described  for  Part  D  The  product, 
isolated  as  the  cesium  salt,  is  the  pentaflu'ro  derivative. 

Analysis. — Calc’d  for  Cs2B,2H7F5  (percent):  B,  25.9; 
F,  19.1.  Found  (percent):  B,  25.3; F,  18.6. 

(G)  The  pro  s  of  Part  D  is  repeated  employing  21.5 

p.  of  Na2BI2H12  (iH20  and  30  g.  of  anhydrous  HF.  The 
n  fixture  is  heated  5  fours  at  90°  C.  The  product,  isolated 
a.!  the  cesium  salt,  is  a  mixture  of  Cs2Bi2Hi0Fj  and 
Cs,RiHH9Fj.  Tht  iJlrlyttl  iv  fl-  F,  1  ■  '• 

2.  .21%. 


Nujol  mull,  shows  absorption  at  ihe  following  wavelengths 
(express  as  microns,  exclusive  of  bands  coincident  with 
Nujol):  strong  at  4.0,  9.6,  10.6  and  12.0;  weaker  at  7.8 
and  12.4.  The  identity  of  the  compound  is  confirmed  by 
ijj  elemental  analyses. 

Analysis. — Calc’d  for  [(CH3),Nl5Bl;H|:Cl  (percent): 
N,  8.6;  Cl,  11. 1.  Found  (percent):  N,  8.22;  Cl,  11.56. 

(B)  A  mixture  of  5.0  g.  of  NaBi2H)2-H20  and  36.5  g. 
of  anhydrous  HC1  is  heated  in  a  pressure  vessel  with  aei.a- 
70  tion  at  90°  C.  for  5  hours  under  autogenous  press  ire. 
The  reaction  mixture  is  processed  as  described  in  Example 
1,  Part  D,  for  the  preparation  of  the  fiuorinated  derivative, 
except  that  (CH3  )<NOH  is  employed  in  place  of  CsDH. 
TBs  4*uiU''l  nhu.ineu  is  M  C JJ5LtN 
75  analyses  are  as  follows:  N,  7.4;  Cl,  1 1.8. 
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<C)  A  reaction  \ es^el  is  duTged  * ill,  loo  ml.  of  water 
and  10  g.  of  the  hydrate  of  1I2B1:H,2.  The  mixture  is 
cooled  to  about  0*  C.  and  chlorine  pas  is  bubbled  through 
the  solution  until  the  color  of  chlorine  persists.  Passage 
of  gas  is  Mopped,  the  solution  is  evaporated  to  a  small 
solume  and  it  is  neutralized  with  NH4OH.  An  aqueous 
solution  of  (CH,),NCl  is  added  to  the  neutra1  solution 
and  the  precipitate  which  forms  is  separated  by  filtration. 
The  compound,  which  is  bis(te!ramethylammonium)  hexa- 
chlorohcxahydriklodecahorate(2-),  is  purified  by  crystal¬ 
lization  from  water.  It  is  a  -  ‘  he  crystalline  solid  which, 
in  a  h'ujiil  mull,  shows  the  hi.. owing  principal  character¬ 
izing  absorption  bands  in  ihe  infrared  spectrum  (expressed 
as  cm.-1):  1060,  strong;  1025,  shoulder;  950,  strong;  Sb'5, 
strong;  850-790,  strong,  broad;  715,  strong,  broad. 

Analysis. — Culc'd  for  ( (CH3)4N ]2B12HeC's  (percent): 
H.  6.1;  C.  19.25;  I).  26.1;  Cl,  42.7.  Found  (percent):  H, 
5.70;  C,  18.60:  0.  25.7;  Cl.  43.16. 

(D)  A  reaction  sesscl  is  charged  with  100  ml.  of  water 
and  1.9  g.  of  Cs2B;;H„C4H,0O2,  prepared  as  described 
in  Example  B.  Chlorine  gas  is  passed  into  the  solution  at 
prevailing  atmospheric  temperature  (about  25°  C.)  until 
th«  solution  is  saturated  and  passage  of  chlorine  is  con¬ 
tinued  for  2.5  hours.  The  resulting  clear  solution  is  evapo¬ 
rated  under  reduced  pressure  to  obtain  a  white  crystalline 
solid  as  a  residue.  The  infrared  absorption  spectrum  of 
the  product  shows  that  it  is  free  of  solvent,  i.e.,  no  di- 
metboxyethane  (glyme)  is  present.  The  infrared  spectrum 
further  shows  strong  absorption  at  9.5, c  and  at  11. 7g. 

The  solid  is  recryMallizcd  from  aqueous  solution  to 
give  fine  white  crystals  whose  infrared  absorption  spec¬ 
trum  shows  a  greatly  reduced  B — H  absorption  band  at 
4.0j.  The  compound  is  again  crystallized  from  water  and 
the  fine  while  crystals  are  dried  at  65°  C.  at  0.02  mm. 
pressure  for  3  hours.  Elemental  analysis  of  the  product 
and  the  infrared  absorption  spectrum  show  that  the  com¬ 
pound  is  dicesium  decachlorodihydrododecaborate(2~), 
ic.,  CsjBi-H-CIi*. 

A n alysii.— Calc'd  for  Cs2Bi2H2Cli0  (percent);  Cs, 
35.4;  B,  17.3;  Cl,  47.2.  Found  (percent);  Cs,  35.6;  B,  ‘ 
17.69;  Cl.  45.15. 

(E)  A  glass  reaction  vessel  is  charged  with  40  g.  of 
NajBI2llij-2H20  ar.d  320  ml.  of  water.  The  mixture  is 
stirred,  cooled  to  13-20’  C.  and  chlorine  gas  is  passed  into 

it  at  this  temperature  for  2-3  hours.  The  cooling  bath  is  < 
removed  and  passage  of  chlorine  gas  is  continued  for  2 
hours  at  20-63°  C.  The  mixture  is  now  wanned  to  steam 
bath  tcmpe'nture  and  chlorine  gas  is  passed  through  it  for 
2  hours.  An  aliquot  portion  of  the  reaction  mixture  is 
removed  and  mixed  with  an  aqueous  solution  of  C 
(CHj)«NCl.  The  precipitate  which  forms  is  separated  and 
it  is  crystallized  f rom  water  to  obtain 

[(CH3)4N]2B12H2C1,S 

0 

The  infrared  absorption  spectmm  shows  characterizing 
absorption  bands  at  4.0/z  (weak),  9.4-9. 8g  (strong),  and 
1 1.4^  (strong). 

(F)  The  solution  remaining  from  the  reaction  of  Part 

E  is  divided  into  two  equal  parts.  Each  portion  is  charged  o 
into  a  silver-lined  pressure  vessel  (400  ml.  capacity)  anu 
50  g.  of  chlorine  is  added  to  each  vessel.  The  reaction 
mixtures  are  heated  for  2  hours  at  150°  C.  under  autoge¬ 
nous  pressure.  The  vessels  are  eciled  and  vented  to 
remove  volatile  products.  The  residual  Fquids  are  filtered  g, 
and  the  combined  filtrates  are  subjected  to  low  pressure 
(water  pump  vacuum)  to  remove  dissolved  chlorine.  The 
liquid  is  neutralized  with  about  120  ml.  of  10  N  potas¬ 
sium  hydroxide  and  it  is  filtered  again.  A  concentrated 
aqueous  cesium  fluoride  solution  is  added  to  the  filtrate  ~i 
with  stirring.  The  precipitate  which  forms  is  separated 
by  filtration  to  obtain  Cs2BI2Cl13  as  a  white  crystalline 
solid.  The  compound  is  crystallized  from  about  2.8  parts 
of  hot  water  to  obtain  117.5  g.  of  product,  i.e.,  dicesium 
dodecachlorododccafcorale(2-)  as  the  mor.ohydrate. 
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Analysis. — Calc’d  for  Cs2B12C1,2'H20  (percent):  Cs, 
31.68;  B,  15.47;  Cl,  50.70.  Found  (percent):  Cs,  31.20; 
B,  15.58;  Cl,  50.42. 

(G)  A  reaction  vessel  is  charged  with  120  ml.  of  water 
c  and  20  g.  of  the  tnonohydrate  of  Na2B!2Hi2.  The  solution 
is  cooled  in  a  mixture  of  ice  and  water  and  chlorine  gas 
is  bubbled  through  the  solution  until  no  further  absorp¬ 
tion  of  chlorine  is  evident.  The  solution  is  warmed  to 
about  30°  G  and  passage  of  chlorine  gas  is  continued  until 
20  no  further  uptake  of  chlorine  occurs.  The  reaction  mix¬ 
ture  and  50  g.  of  chlorine  is  now  charged  into  a  cOTOsbn- 
resistant  pressure  vessel  and  the  mixture  is  heated  under 
autogenous  pressure  ar  150°  C.  for  2  hours.  The  vessel  is 
cooled,  vented  to  the  air  and  the  reaction  mixture  is 
15  washed  out  with  water.  Some  corrosion  of  the  reaction 
vessel  occurs  and  the  mixture  contains  iron  and  oilier 
heavy  metals  as  salts.  The  solution  is  neutralized  with 
NH4OH  and  the  precipitated  metal  hydroxides  are  sepa¬ 
rated  by  filtration.  The  filtrate  is  divided  into  three  equal 
20  parts  which  are  treated  as  follows: 

(1)  Aqueous  CsF  solution  is  added  to  one  part  and 
the  white  precipitate  which  forms  is  separated.  The  pre¬ 
cipitate  is  crystallized  several  times  from  hot  water  to 
yield  pure  dicesium  dodecachlorododecaborate(2-).  This 

25  salt  is  moderately  soluble  in  water.  The  infrared  absorp¬ 
tion  spectrum  of  a  Nujol  mull  of  the  compound  shows  the 
following  bands  (expressed  as  cm.-1):  1040,  very  strong; 
1005,  weak;  725,  weak,  broad. 

Analysis. — Calc’d  for  Cs2BrCl12  (percent):  Cs,  32.4; 
30  B,  15.7;  Cl,  51.8.  Found  (percent):  Cs,  30.2;  B,  15.8;  Cl, 
51.2. 

(2)  A  second  part  is  mixed  with  an  aqueous  solution 
of  RbCl  and  the  white  precipitate,  which  is  dirubidium 
dodecachlorododecaborate(2-),  is  separated  by  filtration. 

35  The  salt  is  very  water-soluble  and  it  is  purified  by  crystal¬ 
lization  from  water.  The  infrared  absorption  spectrum  of 
a  Nujol  mull  of  the  compound  shows  the  following  bands 
(expressed  as  cm.-1):  1050,  very  strong;  1005,  weak; 
950  and  970,  very  weak;  890,  very  weak;  725,  weak, 
broad. 

Analysis. — Caic’d  for  RhjB^Cl^  (percent):  B,  17.7; 
Cl,  58.7.  Found  (percent):  B,  18.1;  Cl,  59.7. 

(3)  The  third  part  is  mixed  with  an  aqueous  solution 
of  (CH3)4NCI.  The  precipitate  is  treated  as  described 
above  to  obtain  bis(tetramethylammonium)  dodecachlo- 
rododecaborate(2-)  as  a  white,  crystalline  product  which 
has  very  low  solubility  in  water.  The  infrared  absorption 
spectrum  of  a  Nujol  mull  of  the  compound  shows  the 
following  bands  (expressed  as  cm.-1):  1040,  very  strong; 
1005,  weak;  950,  strong;  725,  weak,  broad. 

A nalysis.—~- Calc’d  for  [  (CII;,) ,  N )2B]2CIj2  (percent): 
C,  13.9;  H,  3.48;  N,  4.03;  B,  18.8;  Cl,  61.2.  Found  (per¬ 
cent):  C,  13.9;  H,  3.97;  7’,  4.07;  B,  18.1;  Cl,  61.1. 

The  above  compound  i:  crystallized  from  solution  in 
aqueous  1,2-dimethoxyethane  to  yield  the  monoetherale. 
Analysis. — Calc’d  for 

[  (CH3 )  4N  ]  2B I2CI12  •  CH3OC2H4OCH3 

(percent):  C,  18.2;  H,  4.60;  B,  16.6:  Cl,  53.6.  Found 
(percent) :  C,  18.0;  H,  4.35;  B,  16.2;  Cl,  52.5. 

(K)  A  portion  of  the  product  l(CH3)4N]2BI3CIu, 
obtained  in  Part  G,  i„  dissolved  in  water  and  the  aqueous 
solution  is  passed  through  a  column  packed  with  an  acidic 
j  ion-exchange  resin.  The  eluate  is  evaporated  under  re¬ 
duced  pressute  at  25°  C.  to  obtain  the  hydrate  of  the 
free  acid,  H2B12Cli2,  as  a  crystalline  hygroscopic  white 
solid. 

Analysis. — Calc’d  for  ( H30)2B12CIi2' 6H20  (percent): 

B,  18.5;  Cl,  60.6;  N.E.,  350.8.  Found  (percent):  B,  18.0; 
Cl,  59.9;  N.E.,  342. 

A  solution  of  80  g.  of  Cs2B13Cl12-H20,  obtained  as 
described  in  Part  F,  is  dissolved  in  800  ml.  of  water  and 
the  warm  solution  is  passed  through  a  column,  containing 
753.5  g.  of  an  acidic  ion-exchange  resin.  The  eluate  is 
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evaporated  under  reduced  pressure  to  oblain  H2B,2CI,a 
containing  7.5  moles  of  water. 

Analysis. — Calc'd  for  ( H,0)2flI2Cli:-5!/zH20  (per¬ 
cent):  II,  IS. 75;  C  l.  61.44.  Hound  (percent):  B,  1 8.73; 

Cl.  61.10. 

1  lie  above  hydrated  acid  is  further  dried  under  re-  3 
duetd  pressure  at  100*  C.  over  1>205  in  an  Abdcrholden 
unit  for  27  hours  to  remove  5  moles  of  water  of  hydra¬ 
tion. 

Analysis. — Calc’d  for  ( Hj0)2Bl2CI,2->.-2H20  (per-  ,n 
cent):  II,  21.56;  Cl,  70.63.  Found  (percent):  B,  21.19; 

Cl.  70.99, 

The  infrared  absorption  spectrum  of  a  Nujo!  mull  of 
each  of  the  above  acidic  compounds  shows  strong  ab¬ 
sorption  at  9.7m  with  a  "sharp"  shoulder  at  10.0m  and  15 
no  absorption  al  4.0m. 

(1)  An  aqueous  0  0S6  M  solution  of  H2B12CIi2,  pre¬ 
pared  as  described  in  Part  H.  is  neutralized  to  a"  pH  value 
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EXAMPLE  3 


(A)  A  mixture  consisting  of  9  g.  of  hydrated  H2B!2H!2 
(crystalline)  and  36  g.  of  anhydrous  HBr  is  heated  in  a 
corrosion-resistant  pressure  vessel  under  autogenous 
pressure  for  4  hours  at  100-105°  C.  The  reaction  vessel 
is  cooled,  vented  and  the  reaction  mixture  is  neutralized 
with  (CHjHNOH,  The  solid  product  is  separated  and 
recrystalliz.ed  twice  from  water  to  obtain  a  compound 
which  is  principally  the  acid  salt,  (CH3),NHB|2Hi;Br. 

Analysis. — Calc’d  for  (CH3)4NHR,2H;iBr  (percent): 
C,  16.3;  H,  8.2;  Br,  27.0.  Found  (percent):  C,  19.9;  H, 
8.4;  Br,  25.4. 

The  tetramethylammr.plum  acid  salt,  obtained  above, 
is  dissolved  in  water  and  the  solution  is  passed  through  a 
column  filled  with  a  sodium  ion-exchange  resin.  The 
aqueous  effluent  is  a  solution  of  Na2B|2Hi,Br.  Sufficient 
CsOH  is  added  to  the  effluent  to  precipitate  the  compound 
ms  die  cesium  sdtl.  li  is  scpa.jicd,  washed  and  crystallized 


..f  7  w.ffi  t  N  sodium  hydroxide  solution,  the  solution  ms  Ac  cesium  satl.  1,  is  separated,  washed  and  crystallized 

is  evaporated  under  reduced  pressure  at  25°  C.  to  obtain  20  twice  from  water  to  obtain  the  cesium  salt  as  a  dibydrate. 

the  disodium  salt  as  a  white  crystailine  solid.  Analysis. — Calc’d  for  Cs2B;2H,;Br‘2H;0  (percent): 

Analysis. — Calc'd  for  Nn-H,2CI|2‘2,,'5H-0  (percent):  B,  24.9;  Br,  15.3.  Found  (percent):  B,  24 Br,  34.0. 

Nil,  7.1 1;  H,  20.04;  Cl,  65. 83.  Found  (percent):  Na,  7.60;  (B)  A  solution  of  8.4  g.  of  an  ethetate  (glyme)  of 

B,  19.60;  Cl,  65.47.  '  disodium  dodecahydrododecaborate(2~)  in  aqueous  meth- 

(J)  An  aqueous  O.0S6  M  solution  of  HiBiA'.Iu,  pre-  “3  anol  is  chilled  to  0-10°  C.  Bromine  is  added  drop- 

pared  as  described  in  Part  H.  is  stirred  about  IS  hours  wise  until  it  is  no  longer  rapidly  absorbed.  Approximately 

wii  excess  n.c  cl  carbonate.  The  solution  is  filtered  to  6.5  ml.  of  bromine  is  used.  Bromine  addition  is  continued 

nriJfw  uorcaclc  rue  cl  carbonate  and  the  filtrate  is  until  a  total  of  8.5  ml.  is  used.  A  small  amount  of  solid 

tained  as  a  .  .""n-  '  7*’,e  n'c*'e*  sa,t  ‘s  °b*  3o  forms  and  it  is  separated  by  filtration  and  discarded. 

Analysis  *  Calc'd  for  *441  rT  filtrate  is  evaporated  to  dryness  at  10  mm.  and  80°  C. 

■analysis. — c_alcd  tor  NiB12CIi2'8H-0  (rercentl-  Ni  _  . 

7.74;  B.  17.13:  Cl.  56.12.  Found  f percent )•  Ni  7  81  7  85  !°  '?VC  3  wh,te  sol,d  sl  ,ended  ,n  an  od’  7,1,5  resldue 

B.  16.82;  Cl,  58  ,V>  ^  ’  ’  ’  ’  )s  t2,;en  UP  ,n  a  Bttlc  wa.er,  made  alkaline  with  sodium 

The  above  sait'is  dried  under  reduced  pressure  over  hydr°X!d'  and  evapora‘fd  af jn  ^"t55  at  10  mm; 

P20,  at  100°  C.  for  31  hours  to  obtain  the  nickel  salt  35  3nd  80  C  10  leave  a  "hue  solid.  This  residue  is  extracted 

as  a  (ctrahydrale.  a  yellow  crystalline  product  which  dis-  'Vl‘^  Wa,m  tetraMrofuran.  The  insoluble  portion, 
solves  readily  in  water.  sodium  bromide,  is  discarded.  The  tetrabydrofuran  solu- 

A naly sis. — Calc’d  for  NiBl:C!;2'4H20  (percent):  Ni  l,on’  c,ar'fic<1  by  filtration,  is  diluted  with  dioxane  to 

8.55;  B.  18.93;  Cl,  62.02;  H36,  10.50.  Found  (percent) ■'  precipitate  while  solid  dhodium  hexabromobexahydro- 


pared  as  described  in  Part  H.  is  stirred  about  IS  hours 
with  excess  nickel  carbonate.  The  solution  is  filtered  to 
remove  unreacted  nickel  carbonate  and  the  filtrate  is 
processed  as  described  in  Pan  1.  The  nickel  salt  is  ob¬ 
tained  as  a  pale  green  crystalline  solid. 

Analysis. — Calc'd  for  NiB12CI|2-8H20  (percent):  Ni, 
7.74;  B,  17. S3:  Cl.  56.12.  Found  (percent):  Ni,  7.81,  7.85; 
B.  16.82;  Cl,  58.32. 

The  above  salt  is  dried  under  reduced  pressure  over 
P20,  at  100°  C.  for  31  hours  to  obtain  the  nickel  salt 
as  a  (ctrahydrale,  a  yellow  crystalline  product  which  dis¬ 
solves  readily  in  waier. 

Analysis. — Calc  d  for  NiB12C!:2-4H.O  (percent):  Ni 

9  <<•  li  tu  m.  /si  a-  ....  .  _ _ *  .  .  1  1 


8.55;  H.  18.93;  Cl,  62.02;  H36,  10.50.  Found  (percent):'  Prec,pi'at-  while  solid  dhodium  hexabromobexahydro- 

Ni,  8.55,  8.45;  B.  18.89;  Cl.  62.81;  H20,  9.72,  9.67.  dodecaborate(2~)  which  is  washed  with  dioxane  and 

The  mcLrl  *nlr  it  further  zf.iorl  .n  li/M.m.  iao  o  n  Hrlprf 


Tlic  nickel  salt  is  further  diied  42  hours  at'l48°C.  in 
the  manner  descubed  above  to  obtain  NiB~>CI|T-2HiO 
Tomipiicil  tfrymg  n  207.5 °C.  ytider  TttJused  pressure 
yields  the  anhydrous  salt,  NiBl;CI12. 


(K)  An  aqueous  0.086  M*  solution  of  H2B;2CI,2  is  ^  Br,  47.56. 


A  naly  sis. — Calc’d  for  Na,B,-H,Br  JO-CJfJ  Oi-2HiO 
<petwm> :  C,  16.17,  H,  3.53,  B,  13.15;  No,  4X€;  Br,  -‘8.56. 
Found  (percent):  C,  16.61;  H,  3.86;  B,  13.43;  Na,  4.3; 


swirled  with  AgjO  until  reaction  is  complete.  The  mix¬ 
ture  is  filtered  and  the  filtrate  is  evaporated  under  re¬ 
duced  pressure  at  25  °C.  to  obtain  the  silver  salt.  The 
product  is  while  and  water-soluble. 


7  ,  *  TVj  -,n  as  bribed  in  Part  B,  employing  32.2  ml.  of  liquid 

1  <<! oU  .  a  c ^  £or  Ag2B|2Cl|2  (percent):  Ag.  27.98;  bromine.  The  reaction  mixture  is  processed  as  described 

L  55.  i  X-  H  I  ft  W  J  Fmin.H  fnareantl.  A  „  'll  *7*1.  f'X  I-  TI-.  -4  11  .  ...  .  >  .  - _ 


(C)  A  solution  is  prepared  consisting  of  200  ml.  of 
50%  aqueous  methanol  and  22  g.  of  Na2B12H12-2H20. 
The  solution  is  cooled  to  about  5°  C.  and  it  is  brominated 
as  described  in  Part  B,  employing  32.2  ml.  of  liquid 


Cl.  55.18;  D,  16.84.  Found  (percent):  Ag,  27.72;  Cl. 
54.61;  3.  16.51. 

(L)  An  aqueous  solution  of  the  silver  salt  of  Part  K 
is  mixed  with  Ntl^OH.  The  white  precipitate  which  forms 
is  separated  to  oblain  [Ag(NH3)2]2Bi2CIi2  as  a  crystalline 
solid. 

(M)  Excess  cerium  carbonate  is  stirred  overnight  with 
an  aqueous  solution  of  il2B12CI|2  (0.0841  mole).  The 


in  Part  B  to  obtain  a  solution  of  Na2Bi2HfBr6  in  tetra- 
hydrofuran.  The  solution  is  evaporated  to  dry  ness,  leav¬ 
ing  91  g.  of  a  syrup-like  residue  which  contains  tefra- 
hydrofuran  as  solvent  of  crystallization.  The  residue  is 
dissolved  in  250  ml.  of  water  and  the  solution  is  evapo¬ 
rated  to  dryness  to  remove  the  tetrabydrofuran.  The 
residue  solidifies  at  prevailing  atmospheric  temperature 
to  yield  the  sodium  salt  containing  about  6  moles  of 


solution  is  filtered  and  the  filtrate  is  evaporated  under  00  water  of  hydration,  i.e.  Na^Bt-HiBrs  eHoO 


reduced  pressure  at  less  than  50°  C.  to  obtain  hydrated 
Ce2(BijCl12)j  as  a  colorless,  water-soluble  salt. 

Analysis. — Calc’d  for  Ce2(B12CII2)3-22H:0  (percent): 
Ce.  12.0;  B,  16.7;  Cl,  54.5.  Found  (percent):  Ce,  11.0; 
B,  18.7;  Cl,  54.8. 

(N)  An  aqueous  solution  of  H3B!2C112  (0.103J  mole) 
is  stirred  overnight  with  excess  europium  oxide.  The 
reaction  mixture  is  filtered  and  the  filtrate  is  evaporated 


(D)  An  aqueous  methanolic  solution  containing  0.25 
g.  of  disodium  dodecahydrododecaborate(2-)  is  cooled 
to  0°  C.  and  liquid  bromine  is  added  dropwise  with  vigor¬ 
ous  stirring  until  the  color  of  bromine  persists  in  the  solu¬ 
tion.  Aqueous  tetramethylammonium  chloride  is  added 
with  stirring  to  the  solution  and  the  while  solid  which 
forms  is  separated  by  filtration.  It  is  recrystallizcd  from 
aqueous  methanol  to  obtain  0.32  g.  of  product  in  the 


.  ,  .  ,  ,  ,  —  -  — “Miioiiui  uuuuii  u.jz  g.  oi  product  in  the 

'"V°r  dn",  Undcr  r.cduc“d  pre5SUri  at  ^  than  70  first  cr°p-  A  second  crop  of  0.23  g.  of  crystals  is  obtained 
C-  ‘‘  1 further  dried  under  reduced  p-essure  at  from  the  filtrate.  The  crystals  are  a  mixture  of  bis(tet- 

r  /L  x  °Ver  iiP2°5  l°  °b.lEln  3  Lydrate  o£  ramethyiammonium)  hexabromohexahydrododecaborate- 
Fu2(BI2CI12^as  a  yellow-green  solid.  (2-),  i.e.,  ((CH3)1N!2RI2HiBr„.  and  bisttetramethylam- 

n nut) sis.  Calc d  for  Fu3(B,2Cl12)3-18H20  (percent):  monium)  pcmabioniohep:ahydrododccaborater>-)  I, 

Eu,  13.3;  Cl,  55.6.  Found  (percent):  Eu,  14.0;  Cl,  55.9.  75  l(CH3)1N]2BJ2H2Br5.  * 
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Elemental  analyses  of  the  two  crops  of  crystals  are  as 
follows: 

First  ci  op 


Analysis. — Calc’d  for  (C,H12N)2B,2H6 5Br5 5  (percent): 

C,  13.26:  H,  4.2 4;  H,  17.92;  N,  3.87;  Br,  60.66.  Found  5 
(percent)  :  C,  14.14;  B,  4.55;  B,  17.69;  N,  3.83;  Br,  59.65. 
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They  are  recrystallized  twice  from  hot  water  to  yield 
1.04  g,  of  bis(trimethylsulfonium)  hexabromohexahydro- 
dodeca  boratc(2_). 

Analysis. — Calc’d  for  [  (CH3)3S]2Bi2H6Br6  (percent): 
B,  16.88;  Br,  62.3;  C,  9.36;  H,  3.14;  S,  8.32.  Found  (per¬ 
cent):  B,  16,73;  Br,  62.21;  C,  10.07,  10.25;  H.  3.34,  3.31; 
S,  8.35. 


Second  crop 

Analysis. — Calc’d  for  (C4Hi2N)2BpHs  4Br58  (percent) :  jq 
C,  13.12;  H,  4.19;  B,  17.73;  N,  3.83;  Br,  61.13.  Found 
(percent):  C,  12.69;  H,  3.98;  B,  17.50;  N,  3.95;  Br,  60.5. 

These  brominated  polyhydrododecaboraies  are  char¬ 
acterized  by  infrared  absorption  bands  at  3.9m,  sharp, 
strong;  11.9m,  12.4/-,  12.7m,  and  13.0m,  broad,  strong;  9.6m,  15 
medium  sharp,  medium;  and  10.5m,  sharp,  strong  Ifor 
the  (CH3)4N+  ion]. 

(C)  A  portion  (3.3  g.)  of  Nt,2lirI2llcBr6-Cll;0,  ob¬ 
tained  in  Part  C,  is  dissolved  in  about  5  ml.  of  water. 
The  solution  is  mixed  with  a  concentrated  solution  con-  20 
taining  3.3  g.  of  CsCl.  The  white  crystals  whicti  form  are 
separated  and  they  are  recrystallized  twice  from  hot  water. 
The  product  is  dried  to  obtain  the  diccsium  salt  as  a  mono¬ 
hydrate. 

Analysis. — Calc’d  for  Cs2B12H0Br(;-H2O  (percent):  B,  25 
14.45;  Br,  53.3;  H,  0.9;  Cs,  29.55.  Found  (percent):  B, 
14.54;  Br,  52.64;  H,  1.25,  1.07;  Cs,  29.4. 

(F)  A  portion  (9.2  g.)  of  the  compound  of  Part  C, 
i.e.,  Na2BI2H6Br6-6H20,  is  dissolved  in  a  minimum  quan¬ 
tity  of  water.  The  solution  is  passed  through  a  column  30 
packed  with  an  acidic  ion  exchange  resin  and  the  column 

is  (lushed  with  water.  The  washings  and  eluate  are  com¬ 
bined  to  yield  a  solution  of  the  acid  HjBpHeBrs  which,  in 
solvated  form,  is  also  written  as  (H30)2  B!2H6Br6. 

The  process  is  repeated  employing  5.2  g.  of  hydrated  3u 
Na2B12HcBrB.  The  acid  effluent  is  evaporated  to  dryness 
and  the  white  residue  is  held  under  reduced  pressure  at 
70-80“  C.  until  the  vapor  pressure  is  less  than  1  micron. 

The  dried  product,  H2B12H6Br6,  is  a  tough  amber  glass  at 
atmospheric  temperature.  It  is  soluble  in  water,  1,2-di- 
mcthoxyelhane,  ethanol,  benzenemethano!  mixtures,  and 
cold  tetrahydrofuran.  It  is  insoluble  in  benzene,  chloro¬ 
form,  ether,  dioxan  and  hot  tetrahydrofuran.  The  titra¬ 
tion  curve,  employing  NaOH,  shows  a  sharp  break  at 
PH=7.  45 

(G)  About  25  ml.  of  the  acid  solution,  obtained  in 
Part  F,  is  neutralized  with  an  aqueous  solution  of 

(CH3)4NOH 

50 

Tne  white  tetramethyiammonium  salt  precipitates  but  it 
is  not  isolated.  The  crude  aqueous  reaction  mixture  is 
heated  to  boiling  and  it  is  diluted  with  water  to  a  volume 
of  about  40  ml.  to  obtain  a  clear  solution.  The  solution  is 
chilled  and  white  crystals  form  which  are  separated  by  r,j 
filtration.  The  crystals  are  further  purified  by  two  crystal¬ 
lizations  from  boiling  water  to  obtain  0.44  g.  of  anhydrous 
l(CH3)4N12BJ2HcBr4. 

Analysis. — Calc’d  for  above  compound  (percent):  B, 
17.0;  Br,  62.8;  C,  12.58;  H,  3.96;  N,  3.67.  Found  (per-  0l) 
cent):  B,  18.57;  Br,  62.84;  C,  12.71,  12.99;  H,  4.13,  4.06; 

N,  3.75,  3.77. 

The  infrared  absorption  spectrum  of  a  Nujol  mull  of 
the  compound  shows  the  following  bands  characteristic 
for  the  anion:  3.'->5m,  strong;  9.65m,  strong;  I0.6m,  strong;  65 
11.8/1,  strong;  12.75m,  strong  with  shoulders  at  12.4 m  and 
13.0n;  and  the  following  bunds  characteristic  for  the  cat¬ 
ion:  7.1m,  weak;  7.8 m,  weak;  and  10.55m,  strong. 

(H)  About  50  ml.  of  the  acid  solution,  obtained  in 
Part  F,  is  neutralized  with  aqueous  NaOH  solution.  Ex-  -0 
cess  aqueous  (CH3)3S1  solution  is  added  and  the  reaction 
mixture  in  which  a  white  precipitate  is  present,  is  heated 

to  boiling  and  diluted  with  water  to  a  tot;.!  volume  of 
about  100  ml.  to  yield  a  clear  solution.  The  hot  solution  is 
cooled  and  the  white  crystals  which  form  are  separated.  75 


(I)  The  process  of  Part  H  is  repeated,  employing  an 
aqueous  solution  of  (C2H5)3NHC1  in  place  of  an  aqueous 
solution  of  the  sulfonium  iodide.  There  is  obtained  0.69 
g.  of  the  trictbylammonium  salt. 

Analysis. — Calc’d  for  l (C2H5)3NHl2B12H6Br6  (per¬ 
cent):  B,  15.9:  Br,  58.7;  C,  16.65;  H,  4.44;  N,  3.43. 
Found  (percent):  B,  14.78,  16.70;  Br,  59.99;  C,  17.16, 
i 7. 1 4;  H,  4.65,  4.65;  N,  3.34,  3.36. 

(J)  About  50  ml,  of  the  acid  solution,  obtained  in 
Part  F,  is  neutralized  with  aqueous  NaOH  solution.  Con¬ 
centrated  NH,oli  (about.  It)  ml.)  is  then  added  te.  the 
solution  with  stirring  after  which  an  excess  of  at:  am- 
noniaca!  solu’ion  of  ZnCI2  is  added.  The  white  precipitate 
which  forms  is  separated  and  it  is  recrystallized  twice  from 
boiling  water.  There  is  obtained  0.24  g.  of  tetraamino- 
zinc  hexabromohexahydrododecarborate(2-). 

Analysis. — Calc’d  for  Zn(NH3)4B12H6Rr0  (percent): 
B,  17.32;  Br.  64.1;  H,  2.42;  N,  7.48.  Found  (percent):  B, 
17.82;  Br,  65.0;  K,  2.62;  N,  7.31,  7.17. 

(K)  The  process  of  Part  J  is  repeated  employing  am- 
moniacal  CuCl2  in  place  of  the  ammoniacal  ZnCl2  solu¬ 
tion.  The  deep  blue  precipitate  which  forms  is  separated 
and  it  is  crystallized  twice  from  dilute  NH4OH.  The  prod¬ 
uct  is  tetiaaminocopper(ll)  hexabromohexahydrododeca- 
boratc(2~). 

Analysis. — Caic’d  for  Cu(NH2)4BI^H5Br4  (percent): 
B,  17.4:  Br,  64.2;  H,  2.43;  N,  7.51;  Cu,  8.52.  Found  (per¬ 
cent):  B,  17.11;  Br,  63.32;  H,  3.11,  2.86;  N,  7.52,  7.56; 
Cu.  8.53. 

(L)  A  solution  is  prepared  containing  >0  g.  of 
(H30)2B]2Hj2-8H20  in  150  ml.  of  water.  Liquid  bromine 
is  added  dropwise  to  the  solution  with  stirring  and  the 
temperature  rises  rapidly  10  90-100“  C.  The  rate  of  addi¬ 
tion  of  bromine  is  adjusted  to  maintain  this  temperature. 
After  59  g.  of  bromine  is  added,  the  rate  of  bromine  up¬ 
take  decreases  sharply.  An  additional  20  g.  of  bromine 
is  added  and  the  mixture  is  held  at  80-90°  C.  for  1  hour. 
The  reaction  mixture  is  concentrated  to  a  small  volume 
under  reduced  pressure  and  it  is  separated  into  two  por¬ 
tions.  To  one  part  an  aqueous  solution  of  CsF  is  added 
and  to  the  second  part  an  aqueous  solution  of  (CH3)4NC1 
is  added.  The  white  precipitates  in  each  leaction  are  sepa¬ 
rated  by  filtration  and  they  are  recrystallized  from  hot 
water.  The  compounds  arc  dicesium  and  bisfletramethyl- 
ammonium)  decabromodihydrodocccarborates(2-). 

Analysis. — Calc’d  for  Cs2B12H2br10-4H2O  (percent): 
B,  10.2;  Br,  63.1;  Cs,  21.0.  Found  (percent):  B.  10.3; 
Br,  62.5;  Cs,  22.1.  Calc’d  for  [(CH-)4N1,BPH2BR,0 
(percent):  C,  8.88;  H,  2.23;  B,  12.0;  Br,  74.1.  Found 
(percent):  C,  8.89;  H,  2.36;  B,  11.6;  Br,  74.4. 

(M)  A  solution  is  prepared  containing  20  g.  of 
Na2B12Hi2-2H20,  100  ml.  of  water  and  100  ml.  of  meth¬ 
anol.  It  is  cooled  to  5-15“  C.  and  bromine  is  added  drop- 
wise  with  stirring.  After  30  ml.  is  added,  the  bromine  up¬ 
take  decreases  sharply  and  an  additional  30  ml.  of  bro¬ 
mine  is  added  in  one  portion.  A  fast  stream  of  chlorine 
gas  is  passed  into  the  solution.  The  temperature  of  the 
reaction  rrass  rises  to  50“  C.  during  this  step.  The  solu¬ 
tion  is  placed  in  a  vessel  equipped  with  a  water  aspirator 
and  the  solution  is  evaporated  until  excess  bromine  and 
the  hydrogen  chloride  and  hydrogen  bromide  formed  in 
the  reaction  are  removed,  as  show'n  by  the  absence  of 
color  due  to  chlorine  or  bromine.  The  solution  is 
neutralized  with  NH4OH  and  it  is  divided  into  two  por¬ 
tions. 

To  one  part  an  aqueous  solution  of  CsF  is  added  with 
stirring  and  the  precipitate  is  separated  by  filtration.  The 
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salt,  diccsium  dodecahroniododccaborate(2_),  is  purified 
by  crystallization  from  water. 

Analysis. — Calc'd  for  Cs2B!2BrI2  (percent):  Cs,  19.6; 
B,  9.56;  Ur,  7u.b.  Found  (percent):  Cs,  18.1;  U,  9.17, 
Br,  71.3. 

The  compound  is  also  obtained  readily  as  a  monohy¬ 
drate  by  crystallization  from  water. 

Analysis. — Calc'd  for  Cs2B12Br12-H20  (percent):  Cs, 
19.4;  B,  9.46;  Br,  69.9.  Found  (percent):  Cs,  18.5;  B, 
9.58;  Br,  70.1. 

To  a  second  part  of  the  neutralized  solution  an  aqueous 
solution  of  (CH3)4NCI  is  added  with  stirring.  The  precipi¬ 
tate  is  processed  as  described  earlier  to  obtain  bis(telra- 
methylammonium)  dodecabroir.ododecabarate(2_). 


described  in  Part  A  to  obtain  [CH?)tN]2B12H|jI.  Anal¬ 
ysis  of  the  compound  shows  22.2%  C,  8.23%  H,  29.1% 
Band  23.6%  I. 

Passant  of  an  aqutuus  solution  of  [(CU2)<N)23i;H11I 
5  through  a  column  filled  with  a  commercial  acid  ion- 
exchange  resin  yields  an  aqueous  solution  of  the  acid 
l)2B12Hnl..  Evaporation  of  the  solution  yields  a  hydrate 
of  the  crystalline  acid  which  is  viewed  as  (H30)2Bi2HnI. 
Optionally,  the  acid  effluent  from  the  ion-exchange  col- 
iO  umn  is  neutralized  with  an  aqueous  solution  of  NaOH 
and  the  neutral  solution  is  evaporated  to  dryness  to  obtain 
Na2B12Hul  as  a  crystalline  compound. 

(C)  The  procedure  of  Part  A  is  repeated  except  that 
50.8  g.  of  iodine  is  employed  and  cesium  fluoride  is  used 


Analysis. — Calc'd  for  [ (CH2)<N]2Bi2Br12 . (percent) :  15  instead  of  the  tetramethylammonium  chloride.  The 


C,  7.77;  H,  1.94;  B,  10.5;  Br,  77.6.  Found  (percent):  C, 
8.29;  H  2.66;  B,  1C.6;  Br,  77.7. 

The  infrared  absorption  spectrum  of  the  B12Br!2-5  salts 
shows  a  band  which  is  a  doublet  centered  at  990  cm.-1. 

(N)  A  portion  of  the  cesium  salt  obtained  in  Part  M  20 

is  dissolved  in  water  and  the  solution  is  passed  through  a 
column  packed  with  an  acidic  ion-exchange  resin.  The 
acidic  eluate  is  evaporated  under  reduced  pressure  at 
25°  C.  to  give  a  hydrate  of  dihydrogen  dodecarbromodo- 
decarborate(2~)  as  a  white  crystalline  solid.  25 

Analysis. — Calc'd  for  (H30)2B1oBr12-6H20  (percent): 

B,  10.5;  Br,  77.6  (N.E.,  617.8).  Found  (percent):  B, 
10.3;  Br,  77.9  (N.E.,  613). 

(O)  Operating  in  a  photographic  dark  room,  a  solu- 


pi  oduct  obtained  is  mixed  salt  containing  Csl  and 
Cs2B)2H10I2 

in  equimolar  proportions. 

on  Analysis.— Calc'd  for  Cs2B]2Hi0I2,CsI  (percent):  Cs, 

43.7;  B,  14.1;  1,  41.4.  Found  (percent):  Cs,  42.9;  B,  14.0; 
1,41.8. 

The  infrared  absorption  spectrum  shows  the  following 
characteristic  bands  (expressed  as  cm.-1):  1060,  weak; 
25  1045,  medium;  955,  strong,  slightly  broad;  835,  weak; 
815,  medium;  785,  strong;  760,  weak;  738,  medium  and 
720,  weak. 

(D)  An  aqueous  solution  of  H2B12Hi2  is  prepared  as 
described  in  Part  B  from  50  g.  of  Na2B]2H12-2H20.  The 


tion  of  AgNCj  10.006  mole)  in  water  (25  ml.)  is  added  30  acidic  eluate  is  mixed  with  1 14  g.  of  iodine  and  the  mix 


with  stirring  to  a  solution  of  Cs2BnBri2-H20  (0.003 
mole)  in  water  (200  ml.).  The  compound.  Ac2B12Bri2, 
is  precipitated  in  almost  quantitative  yield  as  a  white  solid 
which  is  separated,  washed  and  dried.  The  infrared  spec¬ 
trum  of  the  compound  shows  strong  absorption  bands  at  33 
10.05  and  10.17^  with  a  feeble  spur  at  10,u. 

Analysis. — Calc’d  for  Ag2B12Br,2  (percent):  B,  9.95. 
■Found  (percent):  B,  9.92. 


ture  is  allowed  to  stand  at  about  25°  C.  until  reaction  is 
complete.  An  aqueous  solution  of  CsOH  is  added  with 
stirring  and  the  precipitate  is  processed  as  described  in 
previous  parts. 

Analysis.— Calc’d  for  Cs-BuH^Ij  (percent):  B,  19.7; 
I,  38.5;  H,  1.52;  Cs,  40.3.  Found  (percent):  B,  16.2;  I, 
38.1;  11, 1.48;  Cs,  41.2. 

(E)  A  solution  is  prepared  which  consists  of  25  ml. 
of  water  and  2.1  g.  of  Na2BJ2Hi2-H20.  The  solution  is 


The  acid,  obtained  in  Part  N,  can  be  reacted  in  aqueous  °L  water  and  2.1  g.  of  Na2BJ2Hi2-H20.  The  solution  is 
solution  with  salts,  e.g.,  carbonates,  chlorides,  nitrates  4(1  swirled  at  atmospheric  temperature  (about  25°  C.)  while 
and  the  like,  to  obtain  a  wide  range  of  products.  To  ilius-  portions  of  a  solution  of  6  g.  of  iodine  in  100  ml.  of  ethyl 
Irate,  ZnCl2  reacts  with  the  acid  to  form  ZnB12Bri2;  alcohol  are  added.  Dccolorization  occurs  fairly  rapidly 

CuCIj  reacts  with  the  acid  to  fonn  the  copper  salt  as  a  unitl  40  ml.  of  the  iodine  solution  is  added.  Another  40  ml. 

pale  green  hydrate,  Cu(H20)4B]2Bri2  which  upon  de-  is  added  and  the  dark  mixture  is  allowed  to  stand  at 
hydration  at  90°  C.  under  low  pressure- becomes  purple.  _  atmospheric  temperature  for  1  hour.  The  mixture  is  then 

4j  evaporated  under  reduced  pressure  and  a  tacky  light 
EXAMPLE  4  yellow  solid  is  obtained  as  a  residue.  The  solid,  which 

(A)  A  reaction  vessel  is  charged  with  22.4  g.  of  15  the  sodium  salt  of  diicdodecahydrodcdecaborate,  is 

Na2B12Hi2'2H20,  50  ml.  of  water  and  150  ml.  of  -neth-  dissolved  in  15  ml.  of  water  and  excess  aqueous  50% 

anol.  The  solution  is  stirred  and  a  solution  of  25.4  g.  cesium  fluoride  solution  is  added  with  stirring.  The  pic- 

of  iodine  in  200  ml.  of  methanol  is  added  gradually.  The  u  cipitate  which  forms  is  separated  by  filtration  and  it  is 

iodine  color  disappears  immediately  and  a  slight  rise  in  recryslallized  from  10  ml.  of  water.  Large  white  crystals 

temperature  occurs.  The  solution  is  neutralized  with  are  obtained  which  are  dried  at  65°  C.  at  0.1  mm.  pres- 

NHtOH  and  an  aqueous  solution  of  (CH3)4NCI  is  added  sure  for  3  hours.  The  product  is  dicesium  diiodcdecahydro- 
with  stirring.  The  precipitate  which  forms  is  separated  55  dodecaborate(2-),  i.c.,  Cs2B]2H]0I2.  The  identity  of  the 

and  it  is  crystallized  several  limes  from  water.  The  prod-  compound  is  confirmed  by  its  infrared  absorption  spec- 

uct  is  bis(ictraniethylainmonium)  iodoundecahydrodo-  trum  and  by  elemental  analysis.  The  infrared  spectrum 

decaborate(2~).  shows  strong  hands  at  10.5/i,  12.3/q  12,7/1,  23.6m  and 

Analysis. — Calc'd  for  [(CH3)4N12B12H1jI  (percent):  13.8/1,  in  addition  to  the  characteristic  B — H  and  Bu 


EXAMPLE  4 

(A)  A  reaction  vessel  is  charged  with  22.4  g.  of 
Na2B12Hi2-2H20,  50  ml.  of  water  and  150  ml.  of  meth¬ 
anol.  The  solution  is  stirred  and  a  solution  of  25.4  g. 
of  iodine  in  200  ml.  of  methanol  is  added  gradually.  The 
iodine  color  disappears  immediately  and  a  slight  rise  in 
temperature  occurs.  The  solution  is  neutralized  with 
NH4OH  and  an  aqueous  solution  of  (CH3)4NCI  is  added 
with  stirring.  The  precipitate  which  forms  is  separated 
and  it  is  crystallized  several  limes  from  water.  The  prod¬ 
uct  is  bis(ictraniethylainmonium)  iodoundecahydrodo- 
decaborate(2~). 

Analysis. — Calc'd  for  [(CH3)<Nl2B12H1jI  (percent): 


C,  23.1;  H,  8,42;  B,  31.3;  1,  30.5.  Found  (percent):  C,  skeletal  bands  at  4. 0u  and, 9.7/i,  respectively. 

/.  ri  O  Tl.  n  «lft  ft.  T  -1  ft  J  J  ..  .1  T  f  x-.  n  »  .  *  .  , 


23.6;  H,  8.73;  B,  30.8;  I,  30.4. 

The  infrared  absorption  spectrum  shows  the  following 
characteristic  bands  (expressed  as  cm.-1);  1280,  weak; 
1050,  strong;  950,  strong;  ca.  800,  strong,  broad;  and 
720,  strong. 

(B)  A  solution  containing  10  g.  of  Na-B12H12-2H:0 
in  a  minimum  amount  of  water  is  passed  through  a  col¬ 
umn  packed  with  an  icidic  ion-exchange  column.  The 
column  is  washed  to  remove  all  of  the  acid  and  200  ml. 
of  an  acidic  eluate  is  cbtamed.  There  is  added  to  this 
solution  200  ml.  of  C2H$OH  and  11.34  g.  of  iodine.  The 
mixture  is  permitted  to  stand  2  hours  at  about  25°  C. 
at  which  time  the  iodine  color  is  gone.  Tetrumethyl- 
ammonium  chloride  (15  g.)  is  added  to  the  solution  with 


stirring  and  the  precipitate  which  forms  is  processed  as  75  78.7. 


Analysis. — Calc’d  for  Cs2BrH10l2  (percent):  B,  19.68; 
1, 3S.49.  Found  (percent) :  B,  19.33;  I,  39.00. 

(F)  One-half  of  the  quantity  of  Cs2B]2Hj0T2-CsI  ob¬ 
tained  in  Part  C  is  added  to  a  solution  of  115  g.  of  IC1 
in  150  ml.  of  CC14.  The  mixture  is  heated  at  80°  C.  for 
8  hours  with  stirring.  It  is  filtered  and  the  solid  product 
is  extracted  with  CS3  to  remove  free  iodine  and  unre- 
actcd  Id.  The  solid  residue  is  dissolved  in  water  and  an 
aqueous  solution  of  CsCI  is  added  to  form  a  cream- 
70  colored  precipitate.  The  product  is  separated  and  crystal¬ 
lized  twice  from  water  to  yield  dicesium  dodecaiodo- 
dodecaborate(2-). 

Analysis. — Calc’d  for  Cs2B,2II2  (percent):  Cs,  13.8; 
B,  6.76;  I,  79.4.  Found  (percent):  Cs,  13.2;  B,  6.67;  I, 


3,651,120 


25 

Pasoee  of  an  aqueous  solution  of  Cs2B;:T;2  through  a 
column  tilled  with  a  commercial  ion-exchange  resin  yields 
an  aqueous  solution  of  H3BijI|2.  Neutralization  of  this 
solul.jn  with  an  aqueous  solution  of  NaOH  and  evapora¬ 
tion  of  the  reaction  mixture  yields  Na2B12I|2,  generally  _ 
as  the  uihxilrate  or  hexahydrate,  i.c,  Na2B12Ii2-2H20  or 
Na2B;:I!1-CH20. 

iG)  Operating  in  a  photographic  dark  room,  a  solu¬ 
tion  of  AcNOj  (0.68  g.)  in  water  (20  ml.)  is  added  to  a 
stirred  solution  of  N,i,B12I13'6M20  (3.61  g.)  in  water  jo 
(IlK)  ml.).  I  he  precipitate  which  forms  is  separated, 
washed  and  dried  to  obtain  Ag2B12I12  as  an  off-white 
proouct  weiehing  3.63  q. 

A uu.’vji j, — Calc'd  for  Ag2B12I|2  (percent):  Ag,  11.6; 

B,  6.95;  I,  8  1  5.  Found  (percent);  Ag,  10.7;  B,  7.03;  I,  15 
76.7. 

The  similarity  in  chemical  behavior  of  the  dodecaborate 
rioictx  and  a  benzene  nucleus,  previously  referred  to  as 
"aromaticity,'’  is  shown  by  the  dehaloacnalion  of  the 
iodine-s.  bstiiLted  dodecaborates  to  yield  the  parent  dode-  20 
cahvdrrxiodccaborate.  To  illustrate.  5.0  g.  of 
1!CHj)«N]jB12H„I 

prepared  as  described  in  Example  4,  Part  A,  is  mixed  with 
200  ;r.L  ot  liquid  jmmonia  and  potassium  metal  (ca.  0.5 
g.)  is  adJed  in  small  pieces  until  the  blue  color  of  free  2a 
potassium  persists.  The  liquid  ammonia  is  evaporated 
and  the  white  residue  is  crystallized  from  water  to  obtain 
[  (CH:),N IsBjjHi-.  In  like  manner,  4.55  g.  of  C«2B12H1012, 
obtained  as  described  in  Example  4,  Part  D,  is  dissolved 
in  25  ml.  of  liquid  ammonia  and  treated  witli  1.2  g.  of 
polass.um  to  obtain  Cs2B12Ki2. 

EXAMPLE  5 

A)  A  solution  is  prepared  containing  6  g.  of  the  hy-  33 
drate  of  Na:B13H(Br(  (see  Ex\mplc  3,  Part  C)  in  50  ml. 
of  water.  The  solution  is  cooled  to  about  —30°  C.  and 
chlorine  gas  is  passed  into  it  until  the  gas  is  no  longer 
absorbed.  The  solution  is  neutralized  with  NH4OH  and 
a  concentrated  solution  of  CsCl  is  added.  A  precipitate  40 
forms  and  the  mixture  is  heated  until  a  clear  solution  is 
obtained.  The  solution  is  cooled  and  the  crystals  which 
form  are  collected.  They  are  recrystallized  from  water 
to  yield  dicesium  hexabromotrichlorotrihydrododecabo- 
ratc(2-)  asa  dihydrale.  ,, 

Analysis. — Calc'd  for  Cs2Bi2H33r5Cl3-2H30  (per-  J 
cent):  G.  12.7;  Br,  47.0;  Cl,  10.4.  Found  (percent):  B, 
12.7;  B-.  46.7;  Cl.  10.1. 

The  infrared  absorption  spectrum  of  the  compound 
shows  the  following  characteristic  bands  (expressed  as  50 
cm.-1):  2560,  medium;  1630,  medium;  1040,  very  sharp; 
860,  strong,  broad:  and  730-705,  medium,  broad. 

(B)  A  solution  is  prepared  containing  10  g.  of 

Cs-Bl;H,F«  (see  Example  I,  Part  C)  in  30  ml.  of  wa¬ 
ter.  The  solution  is  heated  almost  to  boiling  and  8  ml.  of  55 
bromine  is  added  dropwise  and  with  stirring.  The  solu¬ 
tion  is  now  heated  to  boiling,  chlorine  is  passed  into  the 
mixture  and  four  portions  of  2  ml.  each  of  bromine  are 
added  gradually.  The  solution  is  cooled  and  the  solid 
which  precipitates  is  separated.  It  is  redissolved  in  hot  go 
water,  a  small  quantity  of  aqueous  CsOH  is  added  to 
assure  that  the  solution  is  basic  and  the  mixture  is  cooled. 
The  crystals  whicli  form  are  separated  and  recrystallizcd 
from  hot  water  to  obtain  dicesium  octabromoletraOuoro- 
dodecaboratefZ-).  65 

Analysis. — Calc'd  for  Cs2BI2Br8F4  (percent):  B,  11.8; 

F,  6.8;  Br.  57.0.  Found  (percent):  B,  12.9;  F,  6.74;  Br, 
57.06. 

(C)  A  reaction  mixture  consisting  of  14  g.  of  hydrated 
(HjO);B;jl!nI  and  30  g.  of  anhydrous  HF  is  heated  with  70 
agitation*  under  autogenous  pressure  at  90°  C.  for  4 
hours.  The  reaction  vessel  is  cooled,  vented  and  swept 
with  2  stream  of  nitrogen  gas.  The  reaction  mixture  is 
neutralized  with  CsOH  and  the  cesium  salt  which  pre- 

,  i  itates  is  purified  as  described  in  earlier  examples  by  75 
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crystallization  from  water  to  obtain  a  product  which  is 
principally  Cs2lli2H8F3I. 

Analyst. — Calc’d  for  Cs2Bi2H8FjI  (percent):  I,  21.5; 
F,  9.7.  Found  (percent):  I,  20.9;  F,  10.1. 

Examples  1  through  5  illustrate  compounds  of  the  in* 
vcnlion  ia  which  X  is  halogen  and  methods  for  their 
preparau'on.  The  processes  are  generic  to  the  preparation 
of  halogen-hearing  compounds  and  can  be  employed  to 
obtain  compounds  having  a  wide  range  of  halogen  sub¬ 
stituents,  both  as  to  number  and  kind.  To  illustrate,  the 
processes  can  be  employed  to  obtain  compounds  having 
combinations  of  F,  Cl,  Br,  and  I  substituents,  e.g., 
(NH^jBcClsI,,  [Zn(NH,),lBlsF,Br,Ie, 

Na2Bi2F4Cl3Br2l3 

and  the  like.  In  examples  given  later,  it  is  shown  that 
dodecaborates  bearing  X  groups  other  than  halogens  can 
be  employed  as  reactants  to  obtain  compounds  having 
mixed  substituted,  e.g., 

CaB13HiCl3(C2H4CsH5)2, 

[  (CH3)3G]2Bi2HtCl4(S02C6H5)2, 

(pyridinium)2B12H5ClcC(0)C6H5 

and  the  like. 

EXAMPLE  6 

(A)  A  small  po.tion  of  the  compound  obtained  as 
described  in  Example  A,  i.c.,  disodium  dodecahydro- 
dodecaborate(2“),  is  dissolved  in  a  few  cc.  of  water  and 
the  solution  is  added  carefully  to  a  few  cc.  of  ice-cold 
concentrated  nitric  acid  to  form  a  dear  amber  solution. 
The  solution  is  allowed  to  warm  to  about  25°  C.  and  >t  is 
made  alkaline  with  aqueous  sodium  hydroxide.  An  aque¬ 
ous  solution  of  letramethylammonium  chloride  is  added 
and  a  white  precipitate  forms  which  is  the  tctrametoyl- 
ammonium  salt  of  a  nitrated  dodecaborate  anion.  The  in¬ 
frared  absorption  spectrum  of  the  product,  which  is 
bis(tetramethylammopium)  nitroundecahydrododecabo- 
ratc(2-),  shows  absorption  bands  at  6.35/x  and  7.74^ 
(characteristic  for  tlie  nitro  group)  and  at  3.9 /i  and  at 
9.25,«. 

Analysis. — Calc’d  for  t(CH3)<N]2B12H1IN02-H20 
(percent):  C.  26.52;  H,  10.30;  B.  35.S4;  N,  14.08.  Found 
(percent):  C,  26.3;  H,  10.34;  B,  37.99;  N,  11.02. 

(B)  A  solution  consisting  of  about  5  g.  of  Na2BJ2Hj2 
(containing  water  of  hydration)  in  5  ml.  of  water  is 
added  dropwise  with  stirring  to  10  ml.  of  70%  HN03, 
cooled  in  an  ice-salt  bath.  The  temperature  is  kept  at 
20-25°  C.  during  the  addition.  The  dark  green  solution 
is  cooler  and  neutralized  slowly  with  8  ml.  of  aqueous 
50%  NaUH.  The  mixture  is  extracted  with  tetrahydro- 
furan  several  times.  The  extiacts  are  combined  and  blown 
with  air  to  remove  the  tetrahydroiuran.  An  oil  i3.5  g.) 
remains  to  which  2  ml.  of  aqueous  50%  CsF  solution  :s 
added.  A  precipitate  forms  which  is  separated  and  re¬ 
crystallized  from  water  twice  to  give  brownish-yellow 
crystals  of  dicesium  nitrour.decaliydro dodecaborate.  The 
crystals  ignite  readily  on  a  hot  plate  but  they  do  not  ex¬ 
plode  when  struck  with  a  hammer. 

Analysis. — Calc’d  for  Cs2B]2HuN02  (percent);  Cs, 
58.7;  B',  28.7;  H.  3.4;  N,  3.1.  Found  (percent):  Cs,  51.5; 
B,  28.25;  H,  3.'0;  N,  3.37. 

(C)  A  solution  is  prepared  xvhich  contains  3  ml.  of 
water  a  :d  1.65  g.  of  disodiutn  dodecahydrododecaborate. 
Tbe  solution  is  added  dropwise  and  with  stirring  to  15 
ml.  of  concentrated  nitric  acid  which  is  cooled  in  ice. 
The  reaction  mixture  is  allowed  to  warm  to  atmospheric 
temperature  (about  25°  C.)  and  it  is  then  made  basic  by 
adding  23  ml.  of  a  30%  aqueous  sodium  hydroxide  solu¬ 
tion.  The  reaction  mixture  is  evaporated  to  dryness  under 
reduced  presure  to  obtain  a  solid  yellow  residue.  The 
solid  is  extracted  with  tetrahydrofuran  to  dissolve  the 
nitrated  polyhydropolyboratc.  The  solution  is  filtered  and 
dioxane  is  added  to  the  filtrate.  The  filtrate  is  concen¬ 
trated  under  reduced  pressure  until  a  yellow  solid  pre¬ 
cipitates.  The  solid  is  collected  on  a  filter;  it  is  washed 
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wilh  dioxane  and  dried  at  low  pressure  at  90°  C.  to  give 
047  g.  of  disodiunt  ni-roundeeahydrudodecaborate  con¬ 
taining  two  moles  of  d insane  of  solvation.  The  identity 
of  the  compound,  which  hat  the  formula, 

Ka,Hl:H,;N02-2C,H,0j 

is  confirmed  by  its  infrared  absorption  spectrum  and  by 
elemental  amlysis.  ‘flic  infrared  absorption  spectrum 
shows  bands  at  4.0/r  and  9.3«,  characteristic  of  the  poly- 
hsdiododccaborate  anion,  and  bands  at  6.35/v  and  7.75;n 
characteristic  of  the  nilro  group.  This  compound  is  not 
shock-sensitive. 

Anahits. — Cal'd  for  Nj;C,H:iB,2N05  (percent):  Na, 
11.2;  C.  23.3;  If.  6.65;  It,  31.75;  N,  3.32.  Found  (per¬ 
cent’);  Na,  IC.3;  C,  22.6;  II.  6.23;  It.  31. 1;  N,  3.46. 

Example  b  illustrates  compounds  of  the  invention  in 
v.iich  X  is  a  nitro  group. 

Compounds  having  a  plurality  of  nitro  groups  on  the 
dodecaborate  ton,  e  g.,  2,  3,  4,  or  more  nitro  groups,  can 
t-e  obtained  by  implcyii  g  a  lusher  ._Lr,cei*EfuI.un  cr  lutnc 
3cid  in  the  reaction  and  by  operating  at  temperatures 
h;gher  than  atmospheric,  e  g.,  at  4o°  C.  or  higher.  Nitra¬ 
tion  can  also  be  conducted  in  several  steps  to  obtain  a 
higher  degree  of  -vutMtUHiun. 

I  he  compounds  of  Example  6  can  be  converted  by  sim¬ 
ple  metathetic  reactions  to  a  broad  range  of  compounds, 
eg- 

|(CjHs':NH:|}B,:Ht|NOj. 

(CgHsNHNHj )  jll|jH|,NOj, 

CsrIB,jH||NOj, 

Ag:B|,HnNO> 

AI2(U|jH||NOj)j,  and 
SnB,3H  i  ,N03 

The  procevs  of  Example  6  illustrates  broadly  the  prep¬ 
aration  of  nitro-substimted  (’.-.decaboratcs.  The  process 
can  be  used  with  dodccahoratcs  bearing  substituents  other 
than  — NO3  groups  to  obtain  compounds  of  the  invention 
having  both  — NO-  groups  and  oiher  groups.  The  broad 
process  can  be  used  to  prepare,  for  example, 

NajB,jHj(NOi)j, 

KjBijIM  NO-lj. 

Cr-IUuH.fNOjh),, 

FejfBuHnNO,),, 

l(C,H1CH3)(CHI)l!'l]:B,3H:,N02,and  the  like. 

I:  can  be  used  to  prepare  CsjBnHsCCcHuIfNOjJj  from 
CsjBijHufCjHji);  NajBI2H4(C,oH2,)6(N02;2  from 

(HjO)jB1jHs(C10Hji)g 

and 

[(CMyhNhBrJftcCOC^NO; 
from  Cs,B|3HmOC,H,.  The  halogen-bearing  compounds 
obtained  by  the  processes  of  Examples  1-5  can  be  nitrated 
by  the  process  of  Example  6  to  obtain  halogenalcd  nitro- 
substituted  compounds,  e.g., 

(NH4)3n!jMcCi,NOJ, 

Na3B13H3Cl7(N03)3, 

CsjU|jK|llrj(N03)ji 
CaUpHjBrjNO^ 

I.i3B13HsIj(  N03)3, 

CaBi3H10FNO3,  and  the  like. 

A  solution  is  prepared  which  contains  1.8  g.  of  the 
solvated  sodium  polyhydropolyborate  obtained  as  de-  05 
scribed  in  Example  A  (i.e.,  disodium  dodecahydrododeca- 
borate),  25  ml.  of  water  and  0.54  g.  of  sodium  nitrite 
(NaN03).  The  solution  is  chilled  to  below  5°  C.  and  it 
is  acidified  with  dilute  sulfuric  acid.  The  solution  is  clear 
yellow  in  color  at  low  temperatures  and  it  becomes  deep  70 
green  or  warming  to  atmospheric  temperature  (about  25° 
C.).  An  aqueous  solution  of  cesium  hydroxide  is  added 
to  the  green  solution  with  stirring  and  a  yellow  solid 
precipitates  which  is  separated  by  filtration.  The  so’id  is 
rctiystafetd  twice  fluid  watfci,  and  Xt  h  dried  at  uLuut  75 
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25°  C.  under  verv  low  pressure  (less  than  0.0 1  mm.). 
There  is  obtained  t.O  g.  of  tlicesium  nitrosoundecahydro- 
dodccaborate  (2~),  i.e.,  Cs-d513H;iNO.  The  infrared  ab¬ 
sorption  spectrum  of  the  compound  shows  bands  at  4.0/x. 
r  7.3ti  and  9.5 n. 

J  Example  7  illustrates  compounds  of  the  invention  in 
which  the  -substituent  X  is  nitroso  and  their  preparation. 
The  process  is  broadly  operable  for  introducing  — NO 
groups  into  dodccaboratcs.  It  can  be  used  to  prepare,  for 
10  example, 

SrB12H10(NO)s, 

CaB12H10(NO)2. 

((CH3)<N]2P.13HnNO, 

(NH3NH3)2B|2HuNO,  and  the  like. 

J  Dedeeaboratev  ean  be  employed  as  reactants  wbreb  bear 
substituents  other  than  — NO  groups.  To  illustrate, 

(NH<)2B,jH,o(OC(iH„)NO 
.  ean  Iv  tori'  r  d  fiwr  !«■ 

NajD-.-HuifSO^sH^NO 

can  be  obtained  from  Cs2B12HuS02CcH5,  and  the  like. 
EXAMPLE  E 

25  (A)  A  reaction  vessel  is  charged  with  a  solution  con¬ 

sisting  of  20  g.  of  Na2B12HI2-2H-0  and  200  ml.  of 
N-methyl-2-pyrrolidone.  The  solution  is  stirred  and  25 
ml.  of  hydrochloric  acid  is  added.  The  mixture  is  filtered 
and  the  filtrate  is  distilled  until  the  pot  temperature 
20  reaches  180°  C.  The  mixture  is  held  at  this  temperature 
for  3  hours  and  it  is  then  poured  into  600  ml.  of  alcohol. 
The  resulting  dear  solution  is  mixed  with  a  soluu'on  of 
15  g.  of  CsOH  in  200  ml.  of  alcohol.  A  white  precipitate 
forms  which  is  separated  by  filtration.  The  solid  is  crys- 
35  tallized  from  water  to  obtain  5.7  g.  of  product  (des¬ 
ignated  as  Product  A).  A  portion  (4.5  g.)  of  the  solid  is 
added  to  25  ml.  of  2.5%  aqueous  NaOH  solution  and 
the  mixture  is  refluxed  for  2  hours.  The  mixture  is  fil¬ 
tered  and  a  solution  of  CsOH  in  ethanol  is  added  with 

40  stirring.  The  precipitate  which  forms  is  separated  and 
crystallized  from  water  to  yield  dicesium  monohydroxy- 
undecahydrododecaborale  f2~). 

Analysis. — Calc’d  for  Cs2B12HuOH  (percent):  B.  30.6; 
H,  2.8;  Cs,  62.8.  Found  (percent):  B,  30.1;  H,  2.8;  Cs, 

41  61.8. 

Crystallizat:on  of  the  compound  from  aqueous  cesium 
bromide  solution  yields  the  double  salt 

CsJBjjH,  ,OH  •  CsBr 

50  (B)  A  pressure  vessel  is  charged  with  a  solution  of  5  g. 

of  the  hydrate  of  H2BI2H!2  in  25  ml.  of  water.  The  vessel 
is  ebsed  and  the  solution  is  heated  under  autogenous  pres¬ 
sure  for  5  hours  at  200°  C.  The  vessel  is  opened  and  aque- 
ou'  cesium  fluoride  is  added  to  the  reaction  mixture.  The 
55  precipitate  which  forms  is  processed  as  described  in  Part 
A  '.u  yield  Cs2B,2HnOH. 

(C)  Hydrated  H2312HI2  (29  g.;  N.E.,  194)  is  added 
slowly  and  with  stirring  to  100  ml.  of  acetone  which  is 
cooled  with  ice  to  keep  the  temperature  at  20-25°  C.  The 
reaction  mixture  is  stirred  for  15  minutes  at  25°  C.,  15 
ir.l.  of  50%  aqueous  NaOH  solution  is  added,  followed 
by  60  g.  of  aqueous  50%  CsF  solution.  The  precipitate 
which  forms  is  separated  to  obtain  29  g.  of  Cs-Bj-HuOH. 
The  compound  is  purified  by  recrystallization  from  v  ater. 

(D)  A  mixture  of  5  g.  cf  Cs2B12H|iOCH(CHj)2,  pre¬ 
pared  as  described  in  Example  13,  Part  B,  and  15  mi.  of 
48%  hydrogen  bromide  is  refluxed  for  a  short  time.  Ex¬ 
cess  hydrogen  bromide  is  removed  by  blowing  the  mixture 
with  air  and  sufficient  50%  NaOH  is  added  to  make  the 
solution  basic.  The  precipitate  which  forms  is  processed 
as  described  in  Part  A  to  yield  the  double  salt, 
Cs2B,2H,iOH-CsBr. 

An  aqueous  solution  of  the  double  salt 

C4,E„H,.OH 
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is  passed  through  a  column  packed  with  an  acid  ion- 
excliange  resin  to  obtain  the  acid  H2B12HnOH  in  solu¬ 
tion.  The  acidic  eltiate  is  neutralized  with  N'aOII  and  the 
solution  is  evaporated  to  obtain  NaB12HuOH-NaBr.  An 
aqueous  solution  of  this  sodium  salt  is  mixed  with  an  g 
aqueous  solution  of  (CII3)<NC1  to  precipitate  the  tetra- 
m  ethyl  anti),  uiiium  salt  in  pun.  form. 

Analysis. — Calc'd  for  [(CH3)4N]2B12HnOH  (per¬ 
cent):  B,  42.5;  C,  31.47;  H.  11.8;  N,  9.1.  Found  (per¬ 
cent):  B,  43.7;  C,  27.8;  H.  11.4;  N,  8.2.  10 

(E)  A  reaction  vessel  is  charged  with  3.0  g.  of  hy¬ 
drated  H2312Ht2  (N.E.,  154)  and  1.75  g.  of  oxalic  acid. 
The  vessel  is  placed  in  a  boiling  water  bath  and  the  mix¬ 
ture  is  stirred  for  5  minutes.  An  exothermic  reaction  sets 

in  and  the  temperature  rises  to  a  maximum  of  120°  C.  15 
with  vigorous  bubbling.  The  mixture  is  cooled  to  about 
25°  C.  and  5  ml.  of  water  is  added.  The  solution  is  neu¬ 
tralized  with  aqueous  CsO.  1  solution  to  phenolphthalein 
end  point.  A  precipitate  forms  and  the  reaction  mixture 
is  heated  to  boiling  with  addition  of  the.minimum  amount  20 
of  water  needed  to  dissolve  the  precipitate  at  the  boiling 
point.  The  solution  is  cooled  in  an  ice-water  bath  and  the 
crystals  which  form  are  separated.  They  are  crystallized 
from  hot  water  to  obtain  1.6  g.  of  Cs^^HjjOH. 

(F)  A  mixture  of  8.75  g.  of  oxalic  a  id  and  3.0  g.  of  25 
hydrated  H2BI2H12  is  heated  at  150°  C.  f,.r  15  minutes. 
The  reaction  mixture  s  processed  as  described  in  Part  E 

to  obtain  Cs2Bi2H,0(OH)2. 

(G)  A  reaction  vessel  is  charged  with  a  solution  con¬ 
sisting  of  20  g.  of  Na2B12Hi2-2H20  and  about  200  ml.  30 
of  N-mcthyl-2-pyrrolidone.  The  solution  is  stirred  and 

25  ml.  of  hydrochloric  acid  is  added.  The  mixture  is  fil¬ 
tered  and  the  filtrate  is  distilled  until  a  pot  temperature 
of  205°  C.  is  reached.  The  mixture  is  held  at  this  tem¬ 
perature  for  4  hours  and  it  is  then  poured  into  600  ml,  35 
of  ethyl  alcohol.  The  precipitate  which  forms  is  separated 
by  filtration.  It  is  purified  by  dissolving  in  acetonitrile 
and  reprecipitating  with  ethanol.  The  product  (7.8  g.)  so 
obtained  (which  is  40 

Bi:H]o-2CHjNC(0)CUiC1IiCIIj 

and  is  designated  as  Product  B)  is  mixed  with  50  ml.  of 
6%  aqueous  NaOH  solution,  the  mixture  is  refluxed  for 
4  hours  and  then  allowed  to  cool.  .. 

A  portion  of  the  above  reaction  mixture  is  added  with  0 
stirring  to  a  solution  of  6  g.  of  (CH3)4NOH  in  400  ml. 
of  ethyl  alcohol.  The  mixture  is  evaporated  to  dryness, 
leaving  a  syrupy  residue.  The  residue  is  mixed  with  150 
ml.  of  isopropyl  alcohol  and  forms  an  oil.  The  oil  is  crys- 
tallized  from  solution  in  aqueous  ethyl  alcohol  to  yield 
bis(letrameihylammonium)  dihydroxydecahydrododeca- 
borate(2-). 

Analysis. — Calc’d  for  [(CH3)4N]2Bi2H,o(OH)2  per¬ 
cent):  B,  40.3;  C,  29.8;  H,  11.2.  Found  (percent)  1  B’  55 
40.4;  C,  26.1;  H,  10.8. 

The  remaining  portion  of  the  reaction  mixture  is_ evap¬ 
orated  to  a  small  volume  and  a  concentrated  solution  of 
CsOH  is  added.  The  precipitate  which  forms  is  separated, 
recrystallized  twice  from  water  and  dried  15  hours  at  56°  co 
C.  under  very  low  pressure. 

Analysis. — Calc*d  for  Cs2Bj2Hjo(OH)2  (percent).  B, 
28.4;  H,  3.1;  Cs,  58.1.  Found  (percent):  B,  28.23,  28.31; 
H,'3.38;Cs,  58.25. 

(H)  A  concentrated  aqueous  solution  of  C5 

Na2Bi2Hx2-2H20 

is  passed  through  a  column  filled  with  an  acidic  ion  ex- 
chanee  resin.  The  eluate  is  an  aqueous  solution  of 
H2Bi3H,2.  A  portion  of  this  solution  containing  0.12  mole  70 
of  the  acid  is  reacted  with  the  exact  equivalent  quantity 
of  aluminum  metal.  The  reaction  proceeds  rapidly  with 
evolution  of  hydrogen  and  an  aqueous  solution  of 
Al-  (B12Hr)j  forms.  The  solution  is  evaporated  to  dryness 
and  the  resume  is  dileJ  intimsiveiy  ov^r  PjUi  at  2J  C.  75 


to  obtain  the  salt  with  sixteen  moles  of  water  of  hydra¬ 
tion. 

Analysis. — Calc’d  for  A12(B,jH„)3-16H20  (percent): 
Al,  6. 86;  B,  49.56;  H,  8.97.  Found  (percent):  Al,  6.61; 
B,  50.6;  H,  9.36 

A  portion  of  the  above  hydrated  aluminum  salt  is 
heated  al  vety  Lsv  pressure  fot  14.5  hours  at  148°  C  cu,r 
P2Os.  A  portion  of  the  dry  residue  (8.58  g.)  is  mixed 
with  100  ml.  of  water  and  80  ml.  of  0.912  N  aqueous 
CsOH  solution  is  added  with  stirring.  The  mixture  is 
filtered  to  remove  insoluble  Al(OH)3  and  the  filtrate  is 
evaporated  to  dryness  to  obtain  the  solid  dicesium  tri- 
hydroxvnonahydrododecaborate(2-). 

Analysis. — Calc’d  for  Cs2B12H9(OH)3  (percent):  B, 
28.49;  H,  2.65;  Cs.  58.32.  Found  (percent):  B,  31.4:  H, 
3.08,  2.93;  Cs,  57.C3,  55.2. 

A  second  portion  (18.5  g.)  of  the  above  hydrated 
aluminum  salt  is  heated  at  very  low  pressure  for  83  hours 
at  148°  C  over  P205.  Water  and  hydrogen  are  released 
and  a  20.9%  loss  in  weight  is  noted.  The  residue  (14.7  g.) 
is  dissolved  in  100  ml.  of  1.44  N  hydrochloric  acid  and 
the  solution  is  diluted  to  a  volume  of  720  ml.  The  diluted 
solution  is  passed  through  a  column  filled  with  an  acidic 
ion  exchange  resin  and  the  eluate  is  neutralized  with 
(CH3)4NOH  to  obtain  an  aqueous  solution  of 

[(CH3)4N]2B12HB(OH)3 
Neutralization  of  the  eluate  with  NH,OH  yields 
(NH4)2B12H8(OH)3 

(I)  An  aqueous  solution  of  H2B1!Ht2  is  neutralized 
with  the  exact  quantity  of  Be(OH)2  to  provide  a  neutral 
solution  of  BeB,2H12.  The  solution  is  evaporated  to  dry¬ 
ness  and  the  residue  is  dried  intensively  over  P205  to 
obtain  the  tetrahvdrate  of  the  beryllium  salt. 

Analysis. — Calc’d  for  BcB12H12-4H20  (percent):  B, 
58.22;  Be,  4.04;  H,  6.04.  Found  (percent)  :B,  60.26;  Be, 
4.12,  3.94;  H,  8.73. 

A  quantity  (9.93  g.)  of  the  above  beryllium  salt  is 
heated  under  very  low  pressure  over  P203  for  52  hours 
at  14S°  C.  The  dried  product,  which  shows  a  weight  loss 
of  9.83%,  is  suspended  in  100  ml.  of  water,  90  ml.  of 
1  N  NFL,OH  is  added  with  stirring,  and  the  mixture  is 
filtered  to  remove  Be(OH)2.  The  filtrate  is  evaporated 
to  dryness  to  yield  the  solid  (NH4)2B,2Hb(OH)3. 

(J)  A  reaction  vessel  is  charged  with  70  ml.  of  tert- 

butanol  and  6  g.  of  The  mixture 

is  refluxed  for  2  hours  and  water  is  added.  The  solution 
is  boiled  to  remove  the  butanol  as  an  azeotrope  with 
water.  The  remaining  solution  contains  the  acid 

H2B12H3(OH)« 

A  portion  of  the  above  solution  is  neutralized  with 
ammonia  hydroxide  to  obtain  (NH^Bj-HofOH)*  in 
solution  and  an  aqueous  solution  of  CsF  is  added.  The 
solution  is  concentrated  to  a  small  volume  from  which 
the  cesium  salt  crystallizes  on  cooling.  The  compound, 
which  is  very  water-soluble,  is  purified  by  rccrystalliza- 
tion  from  water. 

Analysis. — Calc'd  for Cs2B12H8(0H)4-2H20  (percent): 
B.  25.0:  H,  3.16;  Cs,  51.6.  Found  (percent):  B,  25.0;  H, 
3.10;  Cs,  55.8. 

The  infrared  absorption  spectrum  of  a  Nuiol  mull  of 
the  compound  shows  the  following  principal  bands  (ex¬ 
pressed  as  cm.-1):  3580,  strong;  3330,  medium;  1630, 
medium;  1015,  very  strong,  broad:  1025,  very  strong; 
985,  weak;  882,  strong;  and  740-725,  very  strong,  broad. 

A  portion  of  the  above  solution  is  neutralized  with 
ammonium  hydroxide  and  there  is  then  added  an  aqueous 
solut’on  of  (CHuhNCl  to  obtain  the  tetramethylammo- 
niuni  salt  of  Bj2H6(OH)4-J.  The  compound  is  recrys- 
tallu  eii  fre-r.  water. 

Analysis.— Calc'd  for  [(CH3)4N]2BI2Hs(OH)4  (per¬ 
cent):  B,  36.7;  H,  10.3;  C.  27.1;  N,  7.92.  Found  (per- 
ctUJ.  B,  J7.8.H,  1U.J,  C,  27.1;  N,  U.iKf. 
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The  infrared  absorption  spectrum  of  a  Nujol  mull  of 
the  compound  shows  the  following  principal  bands,  ex¬ 
pressed  as  cm.-1:  3330,  medium  1140,  medium;  1070, 
weak;  1050,  weak;  1025,  strong;  980,  medium;  950,  strong; 
900,  weak;  and  725,  strong,  broad.  r 

(K)  Compounds  bearing  — OH  substituents  are  also  d 
obtained  by  heating  a  hydrate  of  H2Bi2H[2  with  S02,  Thus, 
a  mixture  consisting  of  20  g.  of  crystalline  hydrated 
H2B12H!2  and  50  g.  of  sulfur  dioxide  is  heated  in  a  stain¬ 
less  steel  pressure  vessel  with  agitation  under  autogenous 
pressure  at  60°  C.  for  5  hours.  The  vessel  is  cooled  and 
vented  to  remove  unreacted  sulfur  dioxide.  The  process 
is  repeated  three  more  times  and  the  four  crude  reaction 
products  are  combined.  The  mixture  is  neutralized  with 
(CH3)4NOH  and  the  precipitate  which  forms  is  sep-  15 
arated,  washed  and  dried  to  obtain  43  g.  of 


[(CHJ)4N]2312HllOH 

The  compound  is  further  purified  by  recrystallization 
from  water.  Its  infrared  spectrum  shows  absorption  bands  2o 
at  2.8,  4.0,  7.8,  8.8,  9.2,  9.5,  9.7,  10.55,  11.1,  12.5,  and 
13.9m- 

(L)  A  solution  is  prepared  which  consists  of  1.8  g. 
of  H2B12Hi2  (calculated  on  an  anhydrous  basis  from 
hydrated  H2B12HI2)  in  1 10  ml.  of  water.  To  this  solution  05 
at  room  temperature  (ca.  25°  C.)  30. S  ml.  of  3093 
aqueous  H202  is  added  with  stirring.  The  mixture  is 
allowed  to  stand  at  room  temperature  for  4  days  and 
the  solution  is  then  evaporated  to  dryness  under  reduced 
pressure  at  about  25°  C.  in  a  rotating  evaporation  unit.  30 
This  operation  is  conducted  behind  suitable  protective 
shielding.  The  residue  is  dried  18  hours  over  P205  and 
there  is  obtained  3.08  g.  of  H2B]2H6(OH)3.  Titration  of 
an  aqueous  solution  of  this  acid  shows  that  it  is  a  strong 
acid,  i.e.,  an  acid  in  the  class  of  strong  mineral  acids.  35 
The  infrared  absorption  spectrum  of  the  add  in  a  mineral 
oil  mull  show  the  following  absorption  bands:  2.8,  4.0, 

9.0,  and  10.6/1. 

Analysis.— C alc’d  for  H2B12H6(OH)6  (percent):  B, 
54.2;  H,  5.83  (N.E.,  12C).  Found  (percent):  B,  54.8;  40 
H,6.14(N.E.,  125). 

(Ml  An  aqueous  solution  of  the  acid  of  part  L  is 
mixed  with  thallium  carbonate  and  the  precipitate  which 
forms  is  separated.  It  is  recrystallized  from  water,  washed 
and  dried  to  obtain  the  diethallium  salt.  •  45 

Analysts. — Calc’d  for  Tl2Bl2H(;(OH)6  (percent):  Tl, 
63.2;  B,  20.0;  H,  1.85.  Found  (percent):  Tl,  62.1;  B, 

19.5;  H,  2.23. 

(N)  An  aqueous  solution  of  the  acid  of  Fart  L  is  re¬ 
acted  with  CsF  to  obtain  a  salt  which  is  very  soluble  50 
in  water.  The  product  is  a  hydrated  double  salt  of 

Cs2B12H6(OH)6 

and  CsF  whose  infrared  absorption  spectrum  shows  the 
following  bands:  4.1,  6.1,  8.8,  10.25,  and  1  1.35m-  03 

Analysis. — Calc’d  for  Cs2B12H6(OH)6-CsF-4H20  (per¬ 
cent):  Cs,  54.8;  B,  17.86;  H,  2.75.  Found  (percent):  Cs, 
55.2;  B,  17.41;  H,  2.45. 

(O)  Irradiation  equipment  employed  in  this  process 
consists  of  a  quartz  tube  (about  2;  cm.  x  30  cm.)  sur-  00 
rounded  by  a  mercury  vapor  coil.  The  tube  is  charged 
with  60  ml.  of  an  aqueous  solution  (0.1035  molar)  of 
H2Bi2C!i2.  The  solution  is  irradiated  for  24  hours  and 
the  blue  suspension  which  forms  is  fi'tered,  The  solids 
are  set  aside  and  the  filtrate  is  irradiated  again  for  68  05 
hours.  The  suspension  is  filtered  and  the  solids  from  both 
filtrations  are  combiner,  to  obtain  1.45  g.  of  hydrated 
H2B12(GH);j  containing  some  unreacted  H2  R:22Ii2.  In 
the  operation  of  the  process,  90  ml.  of  hydrogen  is  evolved 
and  substantially  all  of  the  chlorine  is  recovered  as  chlo-  70 
ride  ion  (AgCl)  in  the  filtrate. 

The  abovt  process  is  re?-; ted  employing  100  ml.  of 
a  0.1035  molar  solution  of  H2BI2C!i2.  .  here  is  obtained 
3.19  g.  of  hydrated  H2Bl2'OH)u  containing  some  un¬ 
leaded  starting  compound.  75 


The  product,  as  isolated  in  several  runs,  ranged  in 
color  from  white  to  blue.  The  product  is  insoluble  in 
water  and  conventional  organic  solvents.  It  is  washed 
repeatedly  with  v/aler  and  ethanol  and  dried  under  re¬ 
duced  pressure  over  P205.  The  product  is  hydrated 
H2B12(OH)12,  also  written  as  (H20)2Bi2(0H)I2,  con¬ 
taining  a  minor  quantity  of  product  which  vears  chlorine 
bonded  to  boron.  The  composition  of  the  product  can  be 
represented  as  (H50)2B12(OH)n.3Clo.7. 

Analysis. — Calc’d  for  the  above  mixture  (percent):  B, 
33.7;  Cl,  6.47;  H.  4.49;  O,  55.2.  Found  (percent):  B, 
33.6,  33.7;  Cl,  6.36,  6.49;  H,  4.82,  4.78;  O,  51.1. 

The  acid  is  insoluble  in  concentrated  sulfuric  acid  at 
25°  C.  but  it  dissolves  on  warming  the  acid  to  90°  C. 
On  cooling  the  sulfuric  acid  solution,  no  precipitation  oc¬ 
curs.  The  product  in  sulfuric  acid  solution  is  a  compound 
bearing  —OH  and  — QS03H  groups,  i.e.,  it  can  be  repre¬ 
ssed  «  lid  la(Ol!:)ndC!i2 Witts  n  ins  a  value 
of  1-12. 

The  free  acid,  dihydrogen  dodechuydroxydodecaboraie, 
which  is  usually  obtained  in  hydrated  form,  is  a  white 
solid  that  is  unenanged  oy  neating  up  to  310°  C.  The 
acid  is  substantially  insoluble  in  water,  methanol,  ethanol 
and  other  lower  aikanols,  dimethylformamide,  dimethyl- 
sulfone,  benzene,  1,2-dimelhoxyethane,  acetic  acid  and 
pyridine.  It  dissolves  in  basic  solvents  upon  the  addition 
of  water  and  it  also  dissolves  in  dilute  solutions  of  in¬ 
organic  bases.  Although  substantially  insoluble  in  water, 
sufficient  acid  does  dissolve  to  give  a  strongly  acid  re¬ 
action  to  the  water,  as  determined  by  pH  test  papers. 

(P)  A  solution  of  5.0  g.  of  Cs2BI2Brj2  in  200  ml.  of 
water  is  irradiated  for  20  hours  in  the  unit  described  in 
Part  O.  The  solid  is  separated  by  filtration  to  obtain  0.764 
g.  of  (H30)2B,2(0H)i2.  The  product  is  suspended  in 
water  and  aqueous  CsOH  solution  is  added  until  the  solu¬ 
tion  is  neutral.  The  acid  dissolved  during  this  step  in  the 
process.  The  solution  is  concentrated  by  evaporation  until 
crystals  of  Cs2BJ2(OH)i2  appear.  The  solid  crystals  are 
separated  and  recrystallized  twice  from  water.  Some 
Cs2BI2BrI2  is  present  as  an  imp-jfity. 

Analysis. — Calc’d  for  Cs2BI2(OH)j2  (percent):  Cs, 
44.3;  B,  21.7;  H,  2.00.  Found  (percent):  Cs,  38.2;  B, 
20.36;  H,  2.21;  Br,  3.75. 

Thu  process  of  Part  P  is  repeated  employing  10  g.  of 
Cs2n12BrI2  in  200  ml.  of  water  and  1.36  g.  of  product  is 
isolated.  The  products  obtained  in  these  runs  are  com¬ 
bined  to  obtain  20  g.  of  Cs2B]2(OH);j.  The  combined 
product  is  purified  by  dissolving  it  in  water  and  irradiating 
the  solution  for  4  hours.  The  amount  of  bromine  present 
in  the  compound  is  substantially  reduced  to  obtain  a 
ptoduct  of  the  following  analysis:  Cs,  40.9;  B,  20.4;  H, 
3.16;  Br,  0.62. 

(Q)  Salts  of  the  B]2(OH)i2~z  anion  are  obtained  by 
neutralization  of  the  acid  obtained  in  Part  P,  employing 
the  appropriate  base  and  an  aqueous  suspension  of  the 
acid.  The  ammonium,  methylammonium,  and  tert-butyl- 
ammonimn  salts  are  prepared  by  this  method.  The  am¬ 
monium  salt  is  purified  by  crystallization  from  water,  the 
metbylammonium  and  tert-butylammoi.rum  salts  by  crys- 
tahzation  from  aqueous  ethanol. 

Analysis. — Calc’d  for  (NH4)-.Bj2(OH)i2  (percent):  H, 
5.-1 1 :  B,  35.1;  N,  7.58;  O,  51.9.  Found  (percent):  H, 
5.80;  B,  34.5;  N,  6.58;  0,46.2. 

Analysis.— Calc’d  for  (CH3NH3)2B12(OH)i2  (percent) : 
H,  6.04;  B,  32.7;  N,  7.04;  O,  48.2;  C,  6.04.  Found  (per¬ 
cent):  H,  6.54;  B,  32.7;  N,  6.04;  O,  35.5;  C,  5.86. 

Analysis. — Calc’d  for  [(CH3)3CNH3)2B]j(OH)j2  (per¬ 
cent!:  H,  7.48;  B,  27.0;  N,  5.83;  O,  39.9;  C,  20.0.  Found 
(percent):  H,  7.79;  B,  27.6;  N,  5.96;  O,  31.1;  C,  19.6. 

The  cesium,  ammonium  and  'ert-butylammonium  salts 
are  moderately  soluble  in  water.  The  cesium  salt  turns 
yellow  at  surfaces  exposed  to  light 

Neutralization  of  an  aquous  suspensions  of 


H2BJa(OH)u 


R 
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(C)  A  portion  (5  g.)  of  the  crystalline  hydrate  of 
is  dissolved  in  25  ml.  of  99%  formic  acid.  The 
solution  is  heated  on  a  steam  bath  for  3  hours,  cooled  and 
an  aqueous  50%  solution  of  CsF  is  added.  The  precipitate 
is  processed  as  described  in  Part  B  to  obtain  3.4  g.  of 
CvjUnK.iOCH,. 

tD)  A  Mixture  of  2.0  g.  of  lb*  crystrllrv;  hydrate  of 
HjBijHu  (N.E..  174)  and  10  nil.  of  CH3OH  is  heated  in 
a  pressure  scsscl  under  autogenous  pressure  for  15  hours 


stirred  a  short  period  and  10  ml.  of  50%  aqueous  CsF 
is  added.  The  precipitate  is  processed  as  described  earlier 
to  obtain  the  monoethoxy  derivative. 

Analysis. — Calc’d  for  Cs2B12HnOC2H5  (percent):  Cs, 
58.7;  B,  28.7;  C,  5.3;  H,  3.5.  Found  (percent):  Cs,  55.2; 
B,  23.9;  C,  5.3;  H,  3.5. 

(D)  A  solution  of  H)  g.  of  crystalline  hydrated 
HjBjjHu  (N.E.,’222)  in  20  ml.  of  glacial  acetic  acid  is 


a  pressure  vessel  under  autogenous  pressure  for  15  hours  heated  for  15  hours  at  steam  bath  temperatures.  Excess 
at  steam  bath  temperatures.  Volatile  products  formed  jq  acid  is  removed  in  a  rotary  evaporator  and  the  syrupy 
in  the  reaction  consist  of  H 2  and  CH4.  The  liquid  re-  residue  is  diluted  with  25  ml.  of  water.  The  solution  is 


action  product  is  mixed  with  aqueous  50%  CsF  solu¬ 
tion  and  the  precipitate  is  processed  as  described  in  Part 
H  to  obtain  the  mcthoxy-sufcstittited  t  impound. 

Analysis. — Calc'd  for  CsjBi3H,:OCHj  (percent):  B,  jg 
29.6;  C,  2.7;  H,  3.2.  Found  (percent):  B,  25.6;  C,  3.1; 

H,  3.1. 

FP  j  A  of  ID  f  if  rMjiy*Tf*  Und  17  i  of  ibe 

crystalline  hydrate  of  H2Bi:H|2  is  heated  in  a  pressure 


neutralized  with  aqueous  50%  sodium  hydroxide  and  30 
ml.  of  aqueous  50%  CsF  is  added.  The  precipitate  is 
separated  and  crystallized  repeatedly  to  obtain 

Cs^B^HnOC^Hj 

A  second  product  isolated  from  the  reaction  mixture  is 
CjjJjjlfnCJlP 

(E)  Acetaldehyde  (25  ml.)  is  cooled  in  an  ice  bath 


vessel  under  autogenous  pressure  a:  90“  C.  for  2  hours.  20  and  5  g.  of  crystalline  hydrated  H2B12H12  is  added  with 


The  reaction  mixture  is  divided  into  two  equal  parts. 

To  one  part  an  aqueous  solution  ot  CsuH  is  added 
until  the  mixture  is  neutral.  The  precipitate  is  processed 
as  described  in  Part  B  to  obtain  a  crystalline  product 


stirring.  An  exothermic  reaction  sets  in  and  subsides  in  a 
snort  time.  Aqueous  ii)%  CsF  solution  (10  mi.)  is  added 
to  the  mixture  and  the  precipitate  wh'ch  forms  is  proc¬ 
essed  as  described  in  Example  11  Part  B  to  obtain  the 


wf.xeh  is  a  corny*  mid  ef  al'C t  -fU  .t*  C s2d 1  j 1 1 3  a i . 3  25  uIi.tiiujy-Sut'SIfniTCii  derivative. 


60%  CsjB13M10(OCH,),. 

Analysis. — Calc'd  for  above  product  (percent):  Cs, 
59.0;  B.  28. S;  C.  3.7;  H.  3.3.  Found  (percent);  Cs,  56.9; 

B.  29.0;  C,  3.6;  H.  3.6. 

To  the  second  part,  aqueous  (CH3)4NOH  is  added  until  30 
the  solution  is  neutral  and  the  prccipiate  is  processed  as 
described  ...  Part  u  to  obtain  a  crystalline  product  wmeft 
is  about  40%  |(CHj)4NljBI2HllOCH3  and  60% 

1  (CH1)4N]3B13H10(OCH3)j  3. 

Analysis. — Calc'd  for  above  product  (percent):  C, 
25.1;  H.  10.7;  N,  5.4.  Found  (percent);  C,  25.6;  H,  11.0; 

N.  5.4. 

(F)  A  mixture  of  50  g.  cf  CH3OCH3  and  15  g.  of  the 
crystalline  hydrate  of  H-BuH,,  is  heated  in  a  pressure  40 
vessel  under  autogenous  pressure  at  110*  C.  for  1  hour. 

Tire  reaction  mixture  is  neutralized  with  aqueous  CsOH 
solution  and  the  precipitate  is  processed  as  described  in 
Part  n  to  obtain  a  dodecaboratc  bearing  two  methoxy 
groups. 

Analysis. — Calc'd  for  Cs2Bi2H;o(OCH3)2  (percent): 

B,  27.7;  C,  5.1;  H,  3.4.  Found  (percent) :  B,  27.1;  C,  4.8; 

H.  3.5. 

EXAMPLE  12 


Analysis. — Calc'd  for  Cs2B12H10(OC2H5)2  (percent): 
Cs,  53.5;  B,  26.2;  C,  9.7;  H,  4.0.  Found  (percent):  Cs, 
49.1;  B,  29.3;  C,  8.1;  H,  4.4. 

3Q  EXAMPLE  13 

(A)  A  mixture  of  2.0  g.  of  crystalline  hydrated 
H2lii2Hi2  (N.TL,  174)  ;  'd  lu  ml.  of  n-propy)  alcohol  is 
heated  in  a  pressure  ves.,el  under  autogenous  pressure  at 
steam  bath  temperature  (90-100*  C.)  for  15  hours.  The 

33  vessel  is  cooled  to  about  —196*  C.  and  it  is  opened. 
Volatile  products  which  are  collected  are  hydrogen  and, 
by  warming  to  0“  C.,  propane.  The  liquid  residue  is  mixed 
with  aqueous  50%  CsF  solution  and  the 

40  CS;Bi2HliOCH2CH3CH; 

(3.7  g.)  which  precipitates  is  purified  by  processes  de¬ 
scribed  earlier. 

Analysis. — Calc’d  for  CsjB)2HnOC3H7  (percent):  B, 
27.8;  C,  7.7;  H,  3.9.  Found  (percent):  B,  27 .5;  C.  7.8; 
45  H,  4.1. 

(B)  A  solution  of  28  g.  of  crystalline  hydrated 
H2B12H12  (N.E.,  160)  in  100  ml.  of  isopropyl  alcohol  is 
allowed  to  stand  18-20  hours  at  about  25*  C.  The  solution 


tAAMr  Lb  1-  js  then  reflUxed  at  steam  bath  temperature  for  about  100 

(A)  A  mixture  of  5  g.  of  the  crystalline  hydrate  of  50  hours.  It  is  neutralized  with  50%  aqueous  NaOH  solu- 
HjBijH,,  and  25  ml.  of  C2HiOC2H5  is  heated  in  a  pres-  Bon  and  60  g.  of  aqueous  50%  CsF  solution  is  added.  The 

sure  vessel  under  autogenous  pressure  at  60°  C.  for  10  precipitate  is  separated  and  crystallized  from  water  to 

hours.  The  reaction  mixture,  so  obtained,  is  stirred  with  yield  33.6  g.  of  Cs2B12HuOCH(CH3)2.  The  infrared  ab- 
10  ml.  of  aqueous  50%  CsF  solution.  The  crystalline  Cs  sorption  spectrum  of  the  compounds  shows  a  broad  peak 

salt  (1.9  g.)  which  precipitates  is  processed  as  described  55  with  three  fingers  at  T.55,  8.70,  and  8.95m,  a  large  peak 


in  Example  1 1,  Fan  D  to  obtain  cesium  hydrogen  e’.hoxy- 
undecahydrcdodecaborate(2-)  with  one  mole  of  ethanol 
as  solvent  of  crystallization. 

A nalysis,— talc’d  for  CslI B ,  2H , ;OC2H C2H2  OH  (per¬ 


cent):  Cs.  32.6;  B,  35.5;  C,  13.2.  Found  (percent);  Cs,  60  55.4;  B,  29.0;  C,  7.1;  H,  3.6. 


at  9.6m  with  a  shoulder  at  9.4m,  small  peaks  at  10.5  and 
11.1m  and  a  very  small  peak  at  12m. 

Analysis. — Calc'd  for  Cs.BpHnOCH(CH3)2  (percent): 
Cs,  57.0;  B,  27.8;  C.  7.7;H,"3.9.  Found  (percent):  Cs, 


39.6;  B,  36.8;  C,  13.2. 

(B)  A  mixture  of  5  g.  of  the  crystalline  hydrate  of 
HjB|3HI2  and  25  ml.  of  ethanol  is  heated  in  a  pressure 
vessel  under  autogenous  pressure  for  4  hours  at  100°  C. 


The  reaction  is  repeated  employing  26.4  g.  of  hydrated 
H2B!2H]2  (N.E.,  163)  and  100  ml.  of  isopropyl  alcohol. 
The  mixture  is  refluxed  98  hours,  neutralized  with  50% 
NaOH  solution,  evaporated  and  mixed  with  a  solution  of 


Volatile  products  formed  in  the  reaction  contain  83  ml.  05  40  g.  of  (CH3)4NC1  in  20  ml.  of  water.  The  precipitate 


of  hydrogen  and  160  ml.  of  ethane.  The  non-volatile  reac¬ 
tion  product  is  neutralized  with  aqueous  NaOH  solution 
following  which  an  aqueous  solution  of  CsF  is  added. 
The  precipitate  is  processed  as  described  in  Example  11, 


is  separated  and  dried  at  100°  C.  in  vacuo  to  yield  44  g. 
of  the  bis(tetramethylammonium)  salt. 

Analysis. — Calc’d  for  [(CH3)4N]2BnH„OCH(CH3)j 
(percent):  B,  37.3;  C,  38.0:  H,  12.1;  N,  8.0.  Found  (per- 


Part  B,  to  obtain  CsjB^HuOCjHj.  The  identity  of  the  70  cent):  B,  37.8; 0,32.6;  H,  11.3;  N,  6.6. 


compound  is  confirmed  by  its  infrared  absorption  spec¬ 
trum. 

(C)  Acetaldehyde  (25  mi.)  is  cooled  in  an  ice  bath 

*I.J  J  fr.  of  crystalline  hyCf.uted  H2di2H,2  Is  .lowly  auded 
with  stirring.  After  t.dditton  is  completed,  the  solution  is 


(C)  A  mixture  consisting  of  11  g.  of  di(teributly)per- 
oxide  and  2  g.  of  Na2B12Hi2-2H20  is  heated  in  an  oil 
bath  at  105°  C.  for  18  hours.  The  disodium  salt  does  not 
d'ssutve  appreciably  in  the  hquia.  The  reaction  mixture 
is  dissolved  in  water  and  aqueous  50%  CsF  solution  is 


3,551,120 


added.  The  precipitate  is  separated,  washed  and  redis¬ 
solved  in  water  from  which  it  is  again  crystallized.  These 
crystals  are  Cs2Di2H12.  The  mother  liquor  from  this  crys¬ 
tallization  is  concentrated  and  more  crysta's  separate. 
These  crystals,  obtained  in  low  yield,  are 

Cs2B:2H„OC(CH3)3 

The  infrared  spectrum  of  this  compound  shows  strong 
absorption  in  the  8.5-8.9p  wavelengths. 


is  crystallized  from  a  20: 1  mixture  of  CH3OH  and  water. 
The  product  is  [(CH3)4N]3B12HnOCH2CH2OCH3.  Reac¬ 
tion  in  the  process  occurs  between  H2B,2H!2  and  1,2- 
dimethoxyethane. 

The  infrared  spectrum  of  the  compound  shows  absorp¬ 
tion  at  the  following  characteristic  wavelengths  (ex¬ 
pressed  as  microns):  4.1,  very  strong;  6.8,  strong;  7.1, 
shoulder;-  7.4,  shoulder;  7.8,  medium;  8.1,  weak;  8.5, 
shoulder;  8.55,  shoulder;  9.0,  strong;  9.35,  strong;  9.6, 


Analysis. — Calc'd  for  Cs2Bj2HhOC(CH3)3  (percent):  shoulder;  9.8,  strong;  10.55,  strong;  10.8,  shoulder;  11.5, 

,  10.0;  H,  4.2.  Found  (percent) :  C,  9.'2;  H,  4J.  weak;  11.6  weak;  11.8,  weak;  13.4,  very  weak;  13.9, 


(D)  A  pressure  vessel  is  charged  with  2  g.  of  a  hydrate  strong, 

of  H2Bi2H12  tN.H.,  174)  and  10  ml.  of  2,2,2-trinuurO-  Analysis.— Calc’d  lor 
ethanol.  The  mixture  is  heated  under  autogenous  pressure  . 

for  15  hours  at  100°  C.  The  reaction  mixture  is  processed  15  l(LH3)iNj2H12HnUCH2CH2UCH3 

as  described  in  Part  B  to  obtain  3.4  j.  of  dicesium  (2,2,2-  percent:  B,  35.64;  N,  7.69;  C,  36.26;  H,  11.62.  Found 
!rifluoroethoxy)undecahydrododecaborate(2-).  The  com-  (percent):  B,  36.61;  N,  7.48,  7.64;  C,  35.85;  H,  11.57, 
pound  is  recryslallized  from  solution  in  3.3  ml.  of  hot  11.81. 

water  to  obtain  2.0  g.  of  pure  product.  The  identity  of  (B)  A  solution  consisting  of  6.34  g.  of  hydrated 
the  compound  is  confirmed  by  its  infrared  absorption  oj)  H2dj2HI2  in  100  ml.  of  1,2-dimethoxyethane  is  stirred  at 
spectrum.  It  has  the  formula  Cs2B!2HiiOCH2CF2.  about  25°  C.  for  96  hours  and  at  80°  C.  for  12  hours. 

(E)  The  reaction  described  in  Part  D  is  repeated  em-  The  clear  solution  is  evaporated  to  dryness  in  a  rotary 

ploying  2  g.  of  the  hydrate  of  H2B12H12  and  10  ml.  of  evaporator,  the  residue  is  dissolved  in  50  ml.  of  water 
2H-hexafluoropropanoI-2.  There  is  obtained  2.2  g.  of  di-  and  9.0  g.  of  CsF  is  added  to  the  solution.  The  precipi- 
cesium  2H  -  hexafluoroisopropoxyundecahydrododecaho-  c.j  tatc  which  forms  is  crystallized  from  aqueous  ethanol 
rate(2~).  The  compound  is  crystallized  from  water  a..u  '  to  obtain  dicesium  bis(2-methoxyethoxy)decahydro- 
it  has  the  formula  Cs2B12HnOCH(CF2)2.  dodecaborate(2~)  as  a  white  solid. 

EXAMPLE  14  The  infrared  spectrum  of  the  compound  shows  absorp- 

*  tion  at  the  following  characteristic  wavelengths  (ex- 

(A)  A  mixture  of  2.0  p.  of  hydrated  HjB^Hu  (N.E.,  30  pressed  as  microns):  2.8,  weak:  4.1,  very  strong;  6.2, 

174)  and  10  ml.  of  n-QHsOH  is  hea'ed  in  a  pressure  ves-  weak;  7.2,  very  weak;  7.4,  medium;  7.5,  very  weak;  7.85, 
sel  under  autogenous  pressure  at  steam  bath  temperature  weak;  8.1,  weak:  8.35,  shoulder;  8.5,  shoulder;  8.65, 
for  15  hours.  The  vessel  is  cooled  to  —196°  C.  and  strong;  9.0,  strong;  9.4,  strong;  9.75,  strong;  10.05,  nit- 

opened.  Volatile  products  obtained  are  hydrogen  and,  dium;  10.8,  weak;  11.3,  weak;  11.65,  weak;  11.9,  weak; 

on  warming  to  0°  C.,  n-butane.  The  liquid  residue  is  mixed  35  13.7,  broad. 

with  5  ml.  of  aqueous  50%  CsF  so’ution  and  the  p.e'-ipi-  Analysis. — Calc’d  for  Cs2Bi2Hi0(OCH2CH2OCH3)2 

tate  which  forms  is  processed  as  described  in  "evious  ex-  (percent):  Cs,  46.32;  B,  22.62;  C,  12.56;  H,  4.57.  Found 

amples  to  obtain  3.6  g.  of  Cs2Bi2Hi1X,  where  X  is  (percent);  Cs,  45.20;  B,  22.77;  C,  12.96;  H,  4.59. 

— OCH2CH2CH2CH3.  (C)  A  mixture  consisting  of  10  g.  of  hydrated  crystal- 

Analysis. — Calc'd  for  Cs2B]-HuOCiH9  (percent):  B,  40  line  (H30)2Bi2H12  and  40  ml.  of  H0CH2CH2C1  is  heated 
27.1;  C,  10.0;  H,  4.2.  Found:  B.  26.9:  C,  9.8;  H,  4.3.  at  steam  bath  temperatures  (90-100°  C.)  for  20  hours. 

(B)  A  mixture  of  210  g.  of  l  yarated  HiB12H[2  (N.E.,  The  mixture  is  cooled  and  concentrated  by  evaporation 
174)  and  10  ml.  of  (n-C4H9)20  is  heated  and  processed  (employing  a  Rinko  unit).  The  residue  is  neutralized 
as  described  in  Part  A.  The  product  obtained  is  with  aqueous  cesium  hydroxide  solution  and  the  cesium 
Cs2B12HuOC4H9  with  Cs2Bt2HnOH  as  a  by-product.  43  salt  which  precipitates  is  separated.  It  is  recrystallized 

byamptb  1  c  from  water  to  obtain  Cs2BI2H„OCH2CH2Cl. 

nAAMrJ-Ii  1 J  d  u  nru  r* tt  /-«i  \  . 


(A)  A  portion  (5  g.)  of  crystalline  hydrated  H2Bi2Hj2 
is  added  slowly  to  15  ml.  of  diethyl  ketone.  The  tem¬ 
perature  of  the  reaction  mixture  is  maintained  at  20-25° 

C.  during  this  step.  When  addition  is  complete,  the  mix-  J 
lure  is  stirred  and  10  ml.  of  aqueous  CsF  solution  is 
added.  The  precipitate  is  separated  and  purified  as  de¬ 
scribed  earlier  to  obtain  4.7  g.  of  the  compound 
CsjBj-Hj.X,  when  X  is  — OCH(C2H5)2.  5; 

Analysis. — Calc'd  for  Cs2Bi2H1iOC5H]1  (percent):  Cs, 
53.8;  B,  26.3;  H,  4.5.  Found  (percent):  Cs,  57.2;  B,  27.1; 

H,  3.9. 

(B)  The  procedure  of  Part  A  is  repeated  employing 

5  g.  of  crystalline  hydrated  H2B!2H]2  and  15  ml.  of  cyclo-  eo 
hexanone.  The  product  obtained  consists  of  4.9  g.  of 
dicesium  cyclohexyloxyundecahydrcdodccaborate(2_). 

Analysis. — Calc’d  for  Cs2Bi2HnOC6Hu  (percent):  Cs, 
52.5;  B,  25.6;  H,  4.3.  Found  (percent):  Cs,  54.3;  B,  24.5; 

H,  3.8.  gj 

EXAMPLE  16 


at  steam  bath  temperatures  (90-100°  C.)  for  20  hours. 
The  mixture  is  cooled  and  concentrated  by  evaporation 
(employing  a  Rinko  unit).  The  residue  is  neutralized 
with  aqueous  cesium  hydroxide  solution  and  the  cesium 
43  salt  which  precipitates  is  separated.  It  is  recrystallized 
from  water  to  obtain  Cs2Bi2H11OCH2CH2C1. 

Analysis. — Calc’d  for  Cs2B12Hi1OCH2CH2C1  (percent): 
Cl,  7.8;  C,  4.9;  H,  3.1.  Found  (percent);  Cl,  8.1;  C, 
4.5;  H,  3.1. 

-n  EXAMPLE  17 


(A)  A  solution  of  2.9  g.  (0.013  mole)  of 
Na2B12H12- zH20 

in  10  ml.  of  water  is  passed  thiough  a  column  filled 
with  a  commercial  acid  ion-exchange  resin.  The  aqueous 
effluent,  which  is  a  solution  of  H2B12Hi2,  or  written  in 
the  hydronium  form  (H30)2Bi2HI2,  is  evaporated  under 
reduced  pressure  at  less  than  25°  C.  to  obtain  a  solid 
residue.  The  residue  is  dissolved  in  20  ml.  of  1,2-di- 
methoxyethane  (glyme),  the  solution  is  cooled  in  an  ice 
baih,  and  a  solution  of  2.4  g.  of  epichlorohydrin  (0.026 
mole)  is  added  to  it  dropwise.  The  solvent  is  then  re¬ 
moved  under  reduced  pressure  and  the  residue  is  dis¬ 
solved  in  ethanol.  To  this  solution  there  is  added  a 
solution  of  .3.9  g.  (0.026  mole)  of  CsF  in  10  ml.  of  a 
1:1  mixture  of  absolute  ethanol  and  glyme.  The  precipi¬ 
tate  which  forms  is  separated,  washed  and  dried  to  ob¬ 
tain  a  compound  of  Formula  1  bearing  a  chloropropyloxy 


(A)  Crystalline  hydrated  H2BI2H12  (10.0  g.)  and  150  *  dD°°,ULe  111 

ml.  of  1,2-dimethoxyethane  are  stirred  to  form  a  solu-  |a!e  whicfl  forais  is  separated,  wa 

tion.  Ethvl  acetoacetate  (7.23  g  1  is  added  to  the  solution  ,ala  a  compound  of  Formula  1  bea 

and  the  mixture  is  stirred  for  17  hours  at  about  25°  C.  70  and  a  methoxyetnoxy  substnuent 
The  solution  is  evaporated  and  the  oil  which  remains  Analysis.  Calcd  for 

is  dissolved  in  50  ml  of  water.  The  solutVm  is  made  Cs2BI2H10(OCH2CH2CH2Cl)(OCH2CH2OCH3) 

basic  with  20  g.  of  (CH3)4NOH  and  the  soluticr  is  poured 

rrrfo  »  4 of  Mfijf]  afothot.  1  hr  riecBOt  Mfutiod  fjseKwrOt  C  !l  V  fc  Jtl 


Wifo  s  4*bds?  sthy!  atec-hd.  The  tiedf.il  MimfCKi  fjsefwrO;  C  1 2  5-  It,  t  iy  p  TJT;  CI5  €3  (per 

is  evaporated  to  dryness  and  the  remaining  white  solid  75  cent):  C,  11.27;  H,  3.86;  B,  20.67;  Cl,  6.67. 


in  Ha 
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3,551,120 
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(B)  The  procedure  of  Part  A  is  repeated  employing 
renc  oxide  as  the  oxirane  reactant.  The  product  which 
obtained  is  Cs^^HiofOCF^CH^Hsh. 

Analysis. — Caic'd  for  above  compound  (percent): 
29.6;  H,  4.5;  B,  20.0.  Found  (percent):  C,  27.22;  H, 
4.70;  B,  18.49. 

(C)  The  procedure  of  Part  A  is  repeated  employing 
dicyclopentadiene  dioxide  as  the  reactant.  The  product 
which  is  obtained  is  a  tetracesium  salt  of  the  formula 


CSilBijlluO 


CII 


10 


CII - CII— O  Bi’Iliil 

I  I 
CH  CHi 
\  / 

CUj 


This  compound  can  be  viewed  as  a  product  of  Formula 
1  in  which  the  X  group  carries  a  negative  charge  of  —2 
(inherent  in  the  second  Bi2Hn  cage)  and  two  of  the  four 
cesium  ions  are,  therefore,  part  of  the  X  group. 

(D)  Employing  the  process  of  Part  A  up  to  the  addi¬ 
tion  of  CsF,  an  oxirane  of  the  formula 


15 


20 


CHi 


0  o 
II  /  \ 

(CHihCCOCHsCH - CH: 


Cs:Bi:Hm(0(!:— CHj-CCHi): 


ill: 


is  reacted  with  H2Bi2H,2  to  obtain 


O 

II 


H:Bi:Hio[OCII:Cn:CH:OCC(Cn:)jJ: 


Oxirane 


Temper¬ 

ature, 

»C.  Product 


3,4-epoiycydoheiune  earbonitrllc. 


<30  r 

Cs:BuHiJ 


CH: 

/  \ 

O — CH  CH: 


Hi 


A  A. 


H, 


Ct 

An 


3,t-epoiy-tetrahydrotlikjpbene-l,l-dioiide... 

l,2-epoiy-3-p  henox  ypropane — . 

Dlpenteno  monoxide—. . . . . 


V  X-W  Ji 
<30  Cs:B::Hui /O— CH - CHA 

(  H:A  Ah,  ) 

\  \6|  / 2 


<30  Cs:Bi:H,c(OCH:CH:CHK)CiHi): 
<0  f 


CSiBisHir) 


CH,  ^ 

Ah 


-0-HC/  \h. 


Hr 


A  A 


H: 


c 

A 

/ 

HjC  CHi/3 


1.2- epoxy-3-(4-chlorophenoiy)propanc. 

1.2- epoxy-3-mcthoxyp:3pane - - - 

Methyl  phenytglycidate _ _ _ 


O 

CUjCII—  CH: 


<30  Cs.-Bi:lIie(OCH:Cn:Cn:OCiH.Cl): 
<30  Cs,Ili:Itio(OCJI:C]IrCIJ:OCUd: 
<30  Cs:lti:Hi,(OCHCH:CjIlj): 

AoiCH: 


30  Cs J!i:H:c(0  C:Hi)i 


CH 


HO/  ^cn - CH— COC:H: 

/I  I  I 


r  h 


0/|  CH: 


ife  I  In  la 


30  Cs:Bi;Hio 


cn 


-o 


-C//|'V'CH — CH-t!: 

n»A  |U!  Ah  Ah, 


OC:H, 


\ 


0 

CHj(CH:):ClI — — CHi 


M  Cs.Bi:Hio10(CH:)iiCH,1j 


in  solution.  The  compound  is  hydrolyzed  in  acid  solution 
by  conventional  methods  to  obtain  t  solution  of 

H2B13HiotOCH2CH2CH2OHh 


This  solution  is  mixed  with  an  aqueous  solution  of  CsF 
to  obtain  Cs2B12Hi0[OCH2CH2CH2OH]2.  The  product 
is  purified  as  described  in  Part  A. 

Analysis. — Cak’d  for  Cs2Bi:H10[OCH:CH:CH2OH)2 


75 


Examples  11-17,  inclusive,  illustrate  compounds  of 
the  invention  in  which  X  is  an  — OR  group  and  their 
preparation.  The  processes  which  employ,  as  one  re¬ 
actant,  an  acid  of  a  polyhydrododccafcorate  and,  as  a 
second  reactant,  a  member  of  the  group  consisting  of 
aldehydes,  kelones,  alcohols,  ethers,  and  oxiranes,  are 
generic  to  the  preparation  of  compounds  bearing  — OR 
groups.  Opt.onaliy,  in  the  process  for  preparing  com- 


/  ...  *  ...  J  * 1  ' 
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(percent):  C,  7.5;  H,  3.7;  B,  27.0.  Found  (percent): 
C,  9.05;  H,  3.79;  B,  22.87. 

(E)  A  solution  of  22.4  g.  of  Na2B)2H12-2H20  (0.1 
mole)  in  40  ml.  of  water  is  passed  through  a  column 
filled  with  an  acid  ion-exchange  resin.  The  effluent  is 
evaporated  under  reduced  pressure  at  20°  C.  to  obtain 
a  hydrate  of  H2B,2HJ2  as  a  solid  residue.  The  hydrated 
acid  is  dissolved  in  60  ml.  of  glyme  acd  22.8  g.  (0.2 
mole)  of  3,4-epoxy  -  4  -  methyl-2-pentai;one  is  added 
dropwise  and  with  stirring.  The  solvent  (glyme)  is  evap¬ 
orated  from  the  reaction  mixture  under  reduced  pressure 
to  obtain  the  solvated  acid 


H2B:2HI0[OC(CH3)2CH2C(O)CHj)2 

A  solution  of  30.4  g.  (0.2  mole)  of  CsF  in  30  ml.  of 
ethanol  is  added  to  the  residue  and  the  precipitate  which 
forms  is  separated  and  recrystallized  from  ethanol-water 
mixture  to  obtain  a  compound  of  the  formula 


By  employing  the  procedure  of  Example  17,  hydrated 
H2B|2H]2  is  reacted  with  the  oxiranes  shown  in  Table  1 
at  the  indicated  temperature  to  obtain,  as  cesium  salts, 
the  products  shown  in  the  last  column  of  the  table: 
TABLE  I 
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pounds  having  — OCH,  groups,  formic  acid  can  bt*  used 
in  place  of  formaldehyde.  The  generic  process  is  illus¬ 
trated  further  a*  follows:  H2B|2H12  can  be  reacted  with 
butyraldehyde  to  yield  H-HijHhOC^Hs,  with  dioctyl 
ether  to  yield  H3B|3HI0(OCtHn)2,  with  2,2'-dichlorodi-  . 
ethyl  ether  to  yield  INB^HnOCHaCH-Cl,  and  with  2- 
pheny  Icthanol  to  yield  H-Bi-HhOCHoCHjCsHj.  Dode- 
cahorales  which  bear  other  substituents  can  be  employed 
as  reactants  To  illustrate,  H:B|2Hio(S02C6H5)2  can  be 
reacted  with  diproply  ether  to  yield  jq 

H2n12H,(0C3H,)2(S02C6Hs)2 
H.BtJH.,C,Hn  can  be  reacted  with  heptyl  alcohol  to 
yield  II,B1!H,o(C,H„)(OC7His)i  H2Bl2HnCH(CHj)i 
can  be  reacted  with  1,2-dimethoxyethane  to  yield  25 

H3B12HuCH(CH3)2(OCH2CH2OCH3) 
H,B|jM„fSCHj),  can  be  reacted  with  diethyl  ether  to 
yield  H:B13H,(SCH3)3(OC3H5)2;  and 

can  be  reacted  with  1,2-diethoxyethane  to  yield 
H:R.xHiC!,[CH(CH3)21(OCH2CH2OC2H5) 

The  Hndrrnhnrnte  acids  are  customarily  neutralized  with  r 
bases  and  the  compounds  are  isolated  as  salts. 

EXAMPLE  13 

(A)  A  mixture  of  10  g.  of  crystalline  hydrated 

H2B|jKla  30 

and  20  g.  of  CHjSSCH,  is  stirred  at  25-35°  C.  until  it 
becomes  homogeneous  (ca.  0.5  hour).  It  in  then  stirred 
an  additional  18  hours  at  prevailing  atmospheric  tempera¬ 
ture  (ca.  25  *  C.  1 .  Methyl  mercaptan  is  evolved  in  the  proc¬ 
ess  and  the  mercaptan  is  preferably  collected  in  a  cooled  35 
trap.  The  reaction  mixture  is  neutralized  with  aqueous 
10%  NuOH  solution  and  the  resulting  solution  is  steam 
distilled  to  remove  the  last  portions  of  methyl  mercaptan. 

The  liquid  is  evaporated  to  a  mushy  solid  which  is  mixed 
with  aqueous  50%  CsF  solution.  The  precipitated  mate-  4(5 
rial  is  crystallized  repeatedly  from  water  to  form  two 
main  fractions  which  arc  Cs2Bi2HuSCK3  (referred  to  as 
Fraction  1)  and  CsjBijHjofSCHsh  (referred  to  as  Frac¬ 
tion  2). 

The  infrared  spectrum  of  Fraction  1  shows  characteriz- 
ing  absorption  bands  (wavelengths  expressed  as  microns) 
at  4,  9.3,  10.2,  10.4,  11.5,  11.8,  and  12.1.  The  infrared 
spectrum  for  Fraction  2  is  similar  although  there  are  in¬ 
tensity  differences.  In  perchlorobutadiene  mulls,  the  in¬ 
frared  spectra  of  both  fractions  showed  a  characterizing  lj0 
band  at  3.4^  (saturated  C — H). 

Analysis. — Calc’d  for  Cs-B^HnSCHj  (percent):  C, 
2.70;  11.  3.1.  Found  (percent):  C,  3.12;  T,  3.60.  Catc'd  for 
CsjBi;Hso(SCHj)j  (percent):  C,  4.80;  H,  3.20;  S,  12.3.  ■ 
Found  (percent);  C,  4.29;  H,  3.36;  S,  10,06. 

(B)  The  reaction  of  Part  A  is  repeated  except  that  the 
mixture  is  healed  8  hours  at  35°  C.  and  it  is  then  allowed 
to  stand  about  18  hours  at  atmospheric  temperature  with 
nitrogen  gas  bubbling  througn  it.  The  mixture  is  processed 

as  described  in  Part  A.  The  disubstitulcd  compound  110 

Cs2Bi2H:o(SCH3)2 

which  is  more  soluble  than  the  monosubstituled  com¬ 
pound,  is  obtained  in  larger  amount.  Analysis:  C,  4.83; 

H,  3.65;  .3.  13.53;  R,  25.20.  C5 

Example  18  illustrates  the  compounds  of  Formula  1 
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in  which  X  is  a  — SR  group.  The  process  described  is 
generic  to  the  preparation  of  these  compounds  and  it  can 
be  employed  to  prepare  a  wide  range  of  compounds  by 
use  of  the  appropriate  disulfide  reactant.  To  illustrate, 
H2Bi:H  2  can  be  reacted  with  dibenzy!  disulfide  to  yield 
H2Bi;H10(SCH2C6H5)2.  with  dioctyl  disulfide  to  yield 

H2B,2HnSC8Hn 

and  with  diallyl  disulfide  to  yield  H2Ri2Hio(SC3Hs)2.  Sub¬ 
stituted  dodecaborates  can  be  employed  as  reactants  as 
described  for  other  procedures.  For  example,  dimethyl  di¬ 
sulfide  can  be  reacted  with  H2B|2H||CgHu  to  yield 

H2B12H9C6H„(SCR3)2 

with  H2B12H8F4  to  obtain  H2B12H7F4(SCH3),  with 
H2Bi2H8(CioH2t)e 

to  yield  H2BI2H4(ClUHn)0(SCH4)s.  Any  Jisulfidc  car,  be 
employed  in  the  process  and  dimethyl  disulfide  is  used 
above  solely  by  way  of  illustration.  The  dodecaborate 
a cnstou,#ri*y  ea./etrud  tu  salts,  as  CwwfbsJ 

earlier. 

EXAMPLE  19 

(A)  A  reaction  vessel  is  charged  with  a  mixture  of  18 
£.  i.f  ih,.  rryctnlFm-  hydrate  of  HfBaaHjj  and  12  g.  of 
benzenesuifonyl  chloride.  Nitrogen  is  bubbled  through  the 
mixture  to  provide  agitation.  Within  a  few  minutes  an 
exothermic  reaction  sets  in  and  the  mixture  forms  a 
uniformly  soft  solid.  The  reaction  mixture  is  neutralized 
with  an  aqueous  solution  of  CsOH  and  the  precipitate 
which  forms  is  separated.  The  precipitate  is  boiled  with 
water  and  the  mixture  of  solid  and  liquid  is  filtered.  The 
filtrate  is  cooled  and  the  crystals  which  form  are  collected. 
The  cystals  are  a  mixture  of  about  30%  of 

Cs2B  i2H  ,  ,so2c6h5 

and  70%  of  Cs2B12H,0(SO2C6H5)2.  The  infrared  absorp¬ 
tion  spectrum  of  a  Nujol  mull  of  the  product  shows  the 
following  characteristic  bands  (expressed  as  microns); 
4.0,  6.3,  7  6,  8.5,  8.9,  9.3,  9.7,  9.9,  10.4,  12.6,  and  13.7. 

Analysis. — Calc’d  for  the  above  mixture  (percent):  C, 
15.90;  H,  2.90;  S,  7.05.  Found  (percent):  C,  15.56;  H, 
3.53;  S,  7.01. 

(B)  a  mixture  consisting  of  20  g.  of  benzenesuifonyl 
chloride  and  10  g.  of  hydrated  crystalline  (H30)2B12Hi2 
is  stirred  at  35°  C.  for  24  hours  in  a  current  of  nitrogen. 
The  reaction  mixture  is  processed  as  described  in  Part  A 
and  the  product,  which  is  recrystallized  three  or  four  times 
from  water,  is  substantially  pure  Cs2Bi2HhS02C6H5. 

Analysis. — Calc’d  for  Cs2Bi2HjjS02C6H5  (percent):  S, 
5.8;  C,  13.1;  H,  2.9;  B,  23.6.  Found  (percent):  S,  5.7;  C, 
13.3;  H,  3.8;  B,  24.3. 

Example  19  illustrates  compounds  of  the  invention  in 
which  the  substituent  is  an  RS02-  group.  The  process  is 
generic  to  the  preparation  of  this  class  of  compounds.  It 
employs  as  one  reactant  a  sulfonyl  halide  (preferably  a 
chloride)  and,  as  the  second  reactant,  ?.  dodecaborale  acid, 
i.e.,  H2BhH12  or  derivatives  thereof  having  substituents 
bonded  to  boron.  The  process  proceeds  readily  and  heat¬ 
ing  is  not  required,  although  heat  can  be  applied  if  needed 
lo  speed  the  process.  It  can  be  used  to  prepare  a  wide 
range  of  compounds  by  appropriate  choice  of  reactants. 
Table  II  which  follows  illustrates  products  (shown  in 
column  3)  which  can  be  obtained  by  reacting  H2B|2Hi2 
with  the  su’.fonyl  chlorides  shown  in  column  1,  employing 
the  reaction  conditions  of  Example  19.  A  reagent  to  sup¬ 
ply  an  appropriate  cation  is  shown  in  column  2. 

TABLE  II 


Sulfonyl  chloride 


Cychlierylbcnrene-SOjCl - 

JilpIenyl-SOiCl . 

Nantithalene-SOiCl 

Aiithracenc-SOiCl  . . . 

Plirnantliri-nc-SOaCl - „ — . 

C,l!iSO:Cl . 

Ci:llySO;Cl . 

C3  cltihetunc-SO-Cl _ ...  - 

I _  11 1 U  lit ,,U .'ill, W  .  ;CT.... 


Cation  reactant 

.  N'aOIIi . 

.  Pyridine . 

Aniline . 

.  (CIli)tNOII.  ... 

.  CsOH . 

.  TlOH . 

.  (CIUhSOH . 

.  'OjlliJaPOH.... 


Ns-Br!]  nSO:Ciir,C,H:! 

(CilliMnil)i:UnSO:C.H,C.lI» 

(CiHjNI1i):Ui:U|.(SU>CidI!:)i 

|(Ciij),N]jBi:U  mSO:'Jniii)i 

C5sHi:llnSO:Ci.l{. 

TI;Bi:lh»(SOjC«Hi): 

((Cll1)iSj..|ii;IIiiSO:Ci-tIn 

i(t'jll:))I,|.Hi:llia(S0jCilJ„)| 

JtuPfH.WSi.tT.tSwerdHn 
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The  free  acids  arc,  of  course,  obtained  in  the  process 
prior  to  the  neutralization  step  and  the  acids  can,  if  de¬ 
sired,  he  isolated  directly.  To  illustrate  briefly, 

H:Ria»i.(£O.C4H,CH3), 

can  be  obtained  from  H2D;iH.,  and  CH3C£H4S02C1, 
HjHuHnfSO^i^OCeHs)  can  be  obtained  from 
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BaBijHiofNjC^HaCCHs^la*  CaB^HgFif^CsHj)^ 
[(CHjJjSJjB^HsfOCHjJfN^sHsOCHs)* 
and  the  like. 

EXAMPLE  21 

A  mixture  of  25  g.  of  crystalline  hydrated  H2  B,iH,s 
and  30  g.  ofpropyler.e  is  agitated  in  a  pressure  vessel  under 
autogenous  pressure  at  24-25°  C.  for  2.5  days.  The  ves- 


and  CtIljOC«H,S03Cl;  seI vtnled  1°  remove  unreacted  propylene  ar.d  the  non- 

ii  10  volatile  residue  is  neutralized  with  aqueous  CsOH  jolu- 

HjB^H^CtHnllSCLCeHjfCHj.'jh  lion.  The  precipitate  which  forms  is  separated.  On  at- 


can  be  obtained  from  HjB,-H|.CtHii  and 
(CHjhQHjSOrCl 

and  the  like. 

Compounds  of  Formula  1  in  which  one  or  more  X 
groups  arc  carbacyl  IKC(O) — ]  are  obtained  conveni¬ 
ently  by  (1)  reaction  of  B12Hio-2CO  or 


tempted  recrystallization  from  water,  it  forms  a  gel  which 
is  broken  by  addition  of  methanol.  The  product  is  crystal¬ 
lized  a  second  time  from  water  to  obtain  pure  dicesium 
isopropylundecahydrododecaborate  (2-) . 

Analysis. — Calc’d  for  C?jB;;H:lCH(CH3)i  (percent): 
C,  8.00;  H,  4.00;  B,  28.8.  Found  (percent):  C,  8.39;  H, 
4.35;  B,  28.01. 


B|jH,j_riXr.1-2CO 

(where  X  is  defined  as  in  Formula  1  and  m  is  1-10) 
with  substituted  aryl  compounds  as  described  and  illus¬ 
trated  in  Example  42,  or  (2)  reaction  of  B|2H.a42CO 
with  organontcrcurials  as  described  in  Examples  43-44. 

EXAMPLE  20 


The  above  process  is  repeated  at  35°  C.  and  at  45°  C. 
2b  to  obtain  the  isopropyl-substituted  dicesium  salt. 

EXAMPLE  22 

(A)  A  suspension  is  prepared  by  stirring  0.3  g.  of 
H2B12HI2-2H20,  or  (HjOJjBkHu,  in  40  ml.  of  l,2.-di- 
25  methoxyethane.  Isobutylene  is  bubbled  through  the  sus- 


(A)  A  solution  of  4.4  g.  of  p-methoxybenzenediazo- 
nium  'etrafluoroboraie  is  prepared  in  50  ml.  of  water  and 
it  is  filtered  to  remove  imoluble  material.  The  filtrate  is 
cooled  in  an  ice  hath  and  a  solution  i>f  1  >„  e.  tf  the 
mortohydra'.e  cf  disodium  dodecahydrododecaborate  is 
added  with  stirring.  A  heavy  white  precipitate  forms  which 
is  separated  by  filtration.  A  portion  of  the  precipitated 
material  is  dried  on  a  porous  plate  and  its  infrared  ab¬ 
sorption  spectrum  is  determined.  The  infrared  spectrum 
shows  the  characteristic  f) — H  and  Bi2  skeletal  bands 
at  4.0«  and  9.4m,  a  band  at  4.4u  which  is  due  to  the 
diazonium  function  and  bands  at  6.3.u,  9.1m,  and  11.9m, 
which  are  due  to  the  aromatic  system.  The  compound 
is  bis(p-methoxvbenzepstiazonium)  dodecabydrododeca- 
botate(2~),  i.e.,  t  salt  of  the  formula 


pension  at  about  25°  C.  for  40  minutes  at  a  rate  of  about 
50  ml./minute.  The  temperature  rises  rapidly  to  31°  C. 
and  remains  at  this  point  for  30  minutes.  The  temperature 
then  drops  to  about  28°  C.  and  the  solution  becomes  clear. 
The  jolunon  is  coiicentiuted  under  reduced  pressure  to 
yield  an  oily  residue  which  contains  the  free  alkylated  acid. 
The  residue  is  dissolved  in  a  small  quantity  of  water  and 
1  ml.  of  aqueous  50%  cesium  fluoride  solution  is  added 
with  stirring.  A  white  crystalline  solid  forms  which  is 
5  separated  by  filtration.  The  infrared  absorption  spectrum 
and  elemental  analysis  show  that  the  product  is  the  mono- 
hydrate  of  cesium  hydrogen  tert.-butylundecahvdrodo- 
decaborate(2-),  i.e.,  CsHBuKuCtCH^-HjO  or,  as  an 
optional  method  of  representation, 

Cs(H30)B,2H„C(CH3)j 


(P-CHjOC.H^jBuHu 

The  salt  is  dried  at  25*  C.  and  0.02  mm.  for  20  hours. 
When  placed  on  a  metal  block  and  snick  w  ith  a  hammer, 
it  detonates  with  a  flash  of  light  and  forms  much  black 
ash.  It  also  detonates  in  a  combustion  chamber  used  for 
elemental  analysis. 

Analysis. — Odc’d  for  Ci4H36B13?4(02  (percent):  C, 
40.79;  H,  0.36.  Found  (percent):  C,  38.86;  H,  6.26. 

(B)  A  suspension  of  the  diazonium  salt  obtained  in 
Part  A  itt  2  ml.  of  ethanol  is  warmed  on  a  steam  bath 
to  form  a  violet  solution.  The  solution  is  evaporated  to 
yield  a  tacky,  purple  solid  which  is  slightly  soluble  in 
water  to  form  a  strongly  acid  solution.  The  compound  is 
the  Jihydrate  of  dihydrogen  bis(p-melhoxyphenylazo)- 
decahydrododecaborate(2_),  i.e., 

(H30)2B,:H,o(N2— C6H40CH3)2 

The  identity  of  the  compound  is  confirmed  by  its  infrared 
absorption  spectrum  which  shows  bands  at  3.2m,  6.25m, 
4.0m,  and  9.25m. 

Example  20  illustrates  compounds  of  Formula  1  in 
which  X  is  an  arylazo  group,  i.e.,  ArN— N — ,  and  a 
method  for  their  preparation.  The  process  is  generic  to 
the  preparation  of  this  class  of  compounds  an  t  it  is 
usually  conducted  in  two  steps.  In  the  first  step  an  aryl- 
diazonium  salt  of  E12H12-2  is  prepared  and,  in  the  second 
step,  the  salt  is  rearranged  to  form  the  arylazosubstituted 
dodecaborate  acid.  A  wide  range  of  products  can  be  ob¬ 
tained  by  employing  the  appropriete  diazonium  tetrafluo- 
roborate  and  the  appropriate  dodecaborate  which  can 
COuta.i'i  jjl  it  1 1 u C 1 1 t-i .  Ljr  wa>  uf  Niu.,tj”Ufi>.iu,  The  If uliuH i,ig 

compounds  can  be  obtained:  H;B:zH:ifNz — C£H3), 
NajBuH.ofNj-CtHtCKj), 


Analysis.— C alc’d  for  C4H33B12CiO  (percent):  C, 
13.70;  H,  6.57;  B,  37.1.  Found  (percent):  C,  13.75;  H, 
5.73;  B,  34.07. 

45  Solubility  of  the  product  in  water  is  limited  and  its 
aqueous  solution  is  strongly  acidic,  showing  the  presence 
of  the  hydrogen  cation. 

(B)  A  mixture  of  2.5  g.  of  (H30)2Bi2H;2  and  3.1  g. 
of  isobutylene 's  charged  imo  a  pressure  vessel  and  agitated 
00  under  autogenous  pressure  for  2.5  days  at  about  25°  C.  A 
portion  of  the  reaction  mixture  is  processed  as  described 
in  Part  A  to  obtain  Cs2Bi2HnC(CH3)3  as  a  colloidal  salt. 
A  second  portion  is  reacted  with  aqueous  T1N03  solution 
to  obtain  the  very  insoluble  Tl2Bi5HuC(CH3)3  as  a  double 
53  salt  with  thallium  nitrate. 

EXAMPLE  23 

A  mixture  of  5  g.  of  crystalline  hydrated  HjBnHia 
and  25  g.  of  decene-1  is  agitated  in  a  pressure  vessel 
co  under  autogenous  pressure  at  atmospheric  temperature 
for  4.5  days.  The  mixture,  which  originally  forms  two 
phases,  is  a  substantially  homogeneous  oil  at  the  end  of 
this  period.  It  is  washed  with  aqueous  2%  NaOH  solution 
in  W’hich  the  mixture  is  insoluble.  The  oily  layer  is  dis- 
05  solved  in  elher  and  washed  with  water.  The  ether  solu¬ 
tion  is  dried  and  the  solvent  is  removed  by  evaporation 
to  obtain  the  hydrate  of  dihydrogen  hexa(decyl)hexahy- 
drododecaborate(2-)  in  substantially  pure  form.  The 
compound  is  an  oil  at  ordinary  temperatures. 

70  Analysis.  Calc’d  for  (H3O)2BnH,(CI0HZI),  (per¬ 
cent):  C,  70.60;  H,  13.50;  B,  12.70.  Found  (percent): 
C,  69.99;  H,  12.84;  B,  10.85. 

EXAMPLE  24 

»5  (A)  An  aqueous  solution  containing  6.1  g  of  di¬ 

sodium  polyhydropolyborate  of  Example  A  is  passed 


WMMMt 
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through  a  column  (!"  x  40")  packed  with  an  ion-ex¬ 
change  resin,  “/.mberlite”  1R-120-H,  to  obtain  the  tree 
add  in  solution.  The  acidic  solution  is  evaporated  under 
reduced  pressure  to  yield  the  free  acid  in  the  form  of 
a  hydrate  as  a  white  crystalline  solid. 

(£)  The  acid  hydrate  of  Tail  A  is  mixed  with  5 
ml.  of  cyclohexcne  and  5  ml.  of  1,2-dimethoxyethane. 
The  mixture  is  heated  to  boiling  under  a  reflux  condenser 
for  20  hours  to  form  a  colorless  homogeneous  solution. 
The  solution  is  evaporated  under  reduced  pressure  and 
there  is  obtained  a  solvated  dihydrogen  monocyclohexyl- 
undecahydrododecaborate.  The  compound  is  a  colorless, 
viscous  liquid  whose  structure  is  confirmed  by  the  in¬ 
frared  absorption  spectrum  and  by  elementary  analysis  to 
be  HjB15Hn(OHn)-(H20)5-C1Hu,0:,. 

Analysis. — Calc'd  for  C10H44B12O7  (percent):  C, 
29.56;  B,  31.96;  H,  10.92;  O  (by  difference),  27.56. 
Found  (percent):  C,  30.73;  B,  30.73;  H,  8.8;  O  (by 
difference),  29.88. 

(C)  A  portion  of  the  acid  from  Part  B  is  dissolved  in 
20  ml.  of  aqueous  5%  potassium  hydroxide  solution. 
To  this  solution,  which  contains  K;Bi2Hu(C6Hii),  there 
is  added  with  stirring  10  ml.  of  aqueous  50%  cesium 
fluoride  solution.  A  white  sticky  precipitate  forms  which 
is  separated  by  filtration  and  dried  under  reduced  pres¬ 
sure  to  yield  a  cesium  salt  of  a  cyciohexyl-substituted 
polyhydropoiyboratc.  The  infrared  absorption  spectrum 
of  the  compound  shows  the  characteristic  bands  for 
Bi2Hi2  anion  (4.0/i  and  9.3/0  and  bands  for  cycloaliphatic 
C — H,  methyl  groups  and  ether  functions.  Data  from 
the  infrared  absorption  spectrum  and  elemental  analysis 
show  that  the  compound  is  dicesium  monocyclohexyl- 
undecahydrododecaborate  with  1  mole  of  1,2-dimethoxy¬ 
ethane  as  solvent  of  crystallization,  i.e., 

Cs2EnH„CcHn-CH30CH2CH20CH3 

Analysis. — Calc’d  for  C10H32B12CS2O3  (percent) :  C, 
20.70;  H,  5.70;  B,  22.40.  Found  (percent):  C,  19.71;  H, 
5.27;  B,  20.52. 

The  salt  is  soluble  in  water  and  it  forms  a  neutral 
solution,  i.e.,  the  pH  of  the  solution  is  7. 

(D)  A  mixture  of  the  hydrate  of  H2B12H12  (about 
0.08  mole)  and  cyelohexene  (0.16  mole)  in  100  ml.  of 
1 ,2-dimethoxyethaae  is  refluxed  for  2  hours.  The  mixture 
is  cooled  to  atmospheric  temperature,  neutralized  with 
concentrated  aqueous  NaOH  solution  and  evaporated  to 
dryness.  The  solid  is  dissolved  in  tetrahydrofuvan,  the 
solution  is  filtered  and  the  filtrate  is  again  evaporated  to 
dryness.  The  yellow  syrup  which  remains  is  dissolved  in 
water  and  the  solution  is  steam-distilled.  The  aqueous 
solution  is  mixed  with  aqueous  50%  CsF  solution  to  pre¬ 
cipitate  Cs2B,2HnC6Hii.  The  white  solid  is  crystallized 
from  water  to  obtain  the  pure  product  as  fine  white 
crystals. 

The  infrared  absorption  spectrum  shows  characteristic 
bands  at  wavelengths  (expressed  as  microns)  of  4.05, 
3.45  and  6.9. 

Analysis. — Calc’d  for  CsaB^HuCeHn  (percent):  C, 
14.71;  H,  4.53.  Found  (percent) ;  C,  14.16;  H,  3.75. 

EXAMPLE  25 

(A)  A  homogeneous  solution  is  prepared  consisting  of 
5.0  g.  of  the  hydrate  of  H2B12Hi2  and  5  g.  of  styrene  in 
2-prcpanol.  The  solution  is  held  at  0-5°  C.  for  18  hours 
and  at  atmospheric  temperature  (about  25 1  C.)  for  5 
hours.  The  reaction  mixture  is  neutralized  with  aqueous 
CsOH  solution  and  the  precipitate  which  form  is  separated. 
H  is  xrystal'iied  fr--'  (ujUeotts  Jt#  w.ptx^j-1  ^fcrttol 
to  obtain  a  product  which  is  a  mixture  of  compounds  hav¬ 
ing  from  one  to  four  C6H5CaH4—  groups  as  substituents. 
These  compounds,  which  are  not  separated  by  crystalliza¬ 
tion,  have  the  formula  Csab i.^H ^-nfC^H^Cf;!  15 ) 3,  where 

Analysis. — Calr’d  for  Cs2Bi2Hg.8(C2H1CfHj)3,3  (per¬ 
cent):  C,  41.JU;  rt,  3.10;  B,  17.30.  Found  C, 

41.62;  H,  5.26;  B,  17.56. 
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(B)  The  process  of  Part  A  is  repeated  employing  29 
g.  of  the  hydrate  of  H2B,2H,i.  and  15  g.  of  styrene.  There 
is  obtained  a  product  whose  average  composition  is 

C32B12H10  e^H/CjHs)]^. 

Analysis. — Calc'd  for  above  composition  (percent);  C, 
5  24.30;  H,  4.20,  B,  22. ;t);  Ca,  37.90.  Found  (percent)  -  C, 
24.33;  H,  4.65;  B,  23.34;  Cs,  45.10. 

(C)  A  reaction  vessel  is  charged  with  21  g.  (if  2-pro- 
panol  and  cooled  to  0-5 0  C.  Hydrated  crystalline 

10  (HjOhBjjHu 

(12  g.)  is  added  with  stirring.  The  solution  is  maintained 
at  0-5°  C.  and  10  g.  of  p-chlorostyrene  is  added  drop- 
wise  with  stirring.  The  reaction  mixture  is  allowed  to 
15  warm  to  atmospheric  temperature  (about  25°  C.)  and 
then  heated  to  35°  C.  for  20  hours  with  stirring.  The 
solution  becomes  dear.  It  is  cooled  to  atmospheric  tem¬ 
perature  and  then  poured  onto  a  small  amount  of  chopped 
ice.  The  mixture  is  neutralized  with  aaueous  CsOH  solu- 
20  tion  and  the  cesium  salt  which  precipitates  is  separated 
and  recrystallized  from  water  to  obtain 

CsjBj-H  uCH  (CH3)  C6HL,C1 

0_  The  infrared  spectrum  shows  absorption  at  2.8,  4.0,  6.3, 
8.6,  8.9,  9.4,  and  9.7M. 

Analysis. — Calc'd  for  CsoBi-HnCHCCHs^sfyC!  (per¬ 
cent):  C,  17.6;  H,  3.5:  B,  23.8;  Cl,  6.5.  Found  (percent): 
C,  15.7;  H,  4.1;  B,  24.9;  Cl,  5.0. 

Flnoroalkyl-substituted  dodecaborates  are  obtained  by 
reacting  a  dodecahydrododccaborate  salt  with  a  fluoroole- 
fin.  To  illustrate,  2  g.  of  a  trihydrate  of  Na2Bi2H12,  10  g. 
of  tetrafluoroethylene.  40  ml.  of  dcoxygenated  water  and 
0.5  g.  of  potassium  persulfate  are  charged  into  a  pressure 
vessel  and  the  mixture  is  heated  gradually  from  31°-82* 

’ 0  C.  under  605-800  p.s  i.  pressure  for  4.5  hours.  The  re¬ 
action  mixture  thus  obtained  is  mixed  with  an  excess. of 
aqueous  50%  CsF  solution  and  the  precipitate  which 
forms  is  separated.  It  is  a  mixture  of  Cs-B^H^  (i.e.,  un- 
40  reacted  Bj2H]2~:  anion)  and  Cs2Bi2HnCF2 — CF2H.  Ele¬ 
mentary  analysis  of  the  mixture  shows  2.42%  C,  3.15% 
H,  and  7.87%  F.  The  infrared  absorption  spectrum  shows 
characterizing  bands  at  4.0,  8.6,  9.0  and  9-4/i.  The  fluoro- 
alkyl-substitutcd  compound  can  be  obtained  in  pure  form 
by  repeated  crystallization  from  hydroxylated  solvents, 

43  EXAMPLE  26 

(A)  A  pressure  vessel  is  charged  with  5.0  g.  of  hy¬ 
drated  dihydrogen  dodecahydrododecaborate,  i.e.,  hy- 
draled  (HjOJ-BijH]-,  and  50  ml.  of  1,2-dimethoxyethane 

50  containing  a  small  quantity  of  water.  The  vessel  is  flushed 
with  nitrogen,  closed  and  cooled  in  a  solid  carbon  di¬ 
oxide  bath  to  —80°  C.  Pressure  in  the  vessel  is  reduced 
to  less  than  10  mm.  of  mercury  by  means  of  a  vacuum 
pump  and  1.8  g.  (0.05  mole)  of  acetylene  is  injected 
55  into  the  vessel.  The  reaction  mixture  is  heated  with  agita¬ 
tion  under  autogeneous  pressure  (45  p.s.i.)  at  80°  C.  for 
4  hours.  The  vessel  is  cooled  to  atmospheric  temperature 
and  the  reaction  mixture  is  poured  into  a  glass  container. 
The  mixture,  which  is  homogeneous,  is  evaporated  under 
00  reduced  pressure  (20-30  mm.)  at  about  40°  C.  to  yield 
6.5  g.  of  reaction  product.  The  infrared  absorption  spec¬ 
trum  of  the  product  shows  that  it  is  a  mixture  of  dihy¬ 
drogen  poiyhydrododecaborates  bearing  substituents 
which  are  saturated  and  unsaturaled  hyaiocarbon  groups 
05  of  at  most  2  carbons  and  monooxahydrocarbyloxy  groups 
of  the  type  — OCH;CH2OCH3.  The  elemental  analysis  is 
as  follows:  C,  26.92;  H,  6.74. 

(B)  The  acid,  obtained  as  described  in  Part  A,  is 
jq  neutralized  with  aqueous  potassium  hydroxide  to  form 

the  dipulassium  salt  in  aqueous  solution.  This  solution  is 
reacted  with  aqueous  cesium  fluoride  to  precipitate  the 
di.esium  compound  which  is  separated  by  Alteration.  The 
Arti.pttjiid  is  d+Ld  soil  fts  efeanwiWl  lmslySis  ft  follows: 
75  C,  9.80;  H,  3.97. 
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EXAMPLE  27 

(A)  A  reaction  vessel  is  charged  with  5.0  g.  of  the 
hydrate  of  dihydrogen  dodeeahydrododecaborate,  i.e.,  hy¬ 
drated  H2B,:H12,  and  50  ml.  of  1,2-dimethoxyethane  con¬ 
taining  a  small  quantity  of  water.  The  reaction  vessel  is  5 
fitted  with  a  reflux  condenser  and  means  of  introducing 
nitrogen  to  provide  an  inert  atmosphere.  Phenylacetylene 
(2.5  g.)  is  added  to  the  reaction  mixture  which  is  then 
heated  to  mild  refluxing  for  1  hour  in  the  nitrogen  at¬ 
mosphere.  The  mixture  is  cooled  and  the  solvent  is  re-  10 
moved  by  heating  the  mixture  under  about  1  mm.  pres¬ 
sure  at  35—10’  C.  There  is  obtained  8.1  g.  of  a  viscous 
residue  which  is  shown  by  elemental  analysis  and  the  in¬ 
frared  absorption  spectrum  to  be  dihydrogen  monostyryi- 
undecahydrcxlodeca  borate  dihydrate. 

Analysis. — Calc’d  for  (HjOJ^L-HntChFKCcHj)  (per¬ 
cent):  C,  34.10;  LI,  8.5.  Found  (percent):  C,  34.09;  H, 

9.96. 

(B)  The  product  of  Fart  A  is  neutralized  with  aqueous 
potassium  hydroxide  to  form  an  aqueous  solution  of 
K2B,2H,i(C:FI:C6Fl5).  The  solution  is  reacted  with 
aqueous  cesium  fluoride  to  precipitate  the  dicesium  salt. 

Ti  e  sail  is  separated  by  filtration  and  dried.  The  identity 
of  the  compound,  which  is  dicesium  monostyrylundecahy- 
drododecaborate,  is  confirmed  by  elemental  analysis.  — 5 

Analysis. — Caic’d  for  CsiBi2Hn  (C;H:CcFi5)  (per¬ 
cent):  C,  18.70;  K,  3.60.  Found  (percent):  C,  18.27;  FL 

3.97. 

(C)  A  reaction  vessel  Is  charged  with  4.0  g.  of  the  crys- 
tailine  hydrate  of  H2B12H12  and  4  g.  of  cold  CH3OFi.  The 
solution  is  chilled  to  0’  C.  and  2  g.  of  phenylacetylene  is 
added  with  agitation.  The  mixture  is  maintained  at  0“ 

C.  for  1  hour  and  then  at  about  25’  C.  for  16  hours.  A 
portion  is  neutralized  with  CsOH  solution  to  form  the  in- 
soluble  cesium  salt  which  gels  in  water.  A  second  portion 
is  neutralized  with  aqueous  TlOH  to  precipitate  :he  very 
insoluble  thallium  salt.  The  thallium  compound  is  ex- 
trae'ed  with  water  in  a  Soxhlet  extractor  and  the  product 

is  dried  to  obtain  TIjB^jHufCjHjQHs)  as  a  white  cry-  4Q 
stalline  product.  The  infrared  absorption  spectrum  shows 
that  the  product  contains  some  TLBuFinCFifCF^CeHs. 

Analysis. — Calc'd  for  Tl-BnHufCjHjQHs)  (percent): 

C,  14.7;  H,  2.8;  B.  19.8.  Found  (percent):  C,  14.9;  H,  3.4; 

B,  19.2. 

(D)  The  process  of  Part  C  is  repeated,  employing  five  45 
times  the  quantities  of  reactants  by  weight.  The  reaction 
riilMw*  It  PCMnlhta)  *ii',  ouxUite  CV.  H  juk!  aIu*  gel 
which  forms  is  broken  up  with  methanol.  The  while 
crystalline  product  is  a  mixture  of  mono-  and  Qi-sub- 
stituted  dicesium  polyhydrododecaborates  having  an  aver-  50 
age  composition  of  1.3  phenylacetylene  units  per  do- 
decarborate  anion,  e.g.,  70%  of  Cs2Bi2HnC2H2C6Ff5  and 
30%  of  Cs2B12H]o(C;Fi2CeH5)2. 

Analysis.— -Calc'd  for  above  composition  (percent! : 

C,  23.20-  H,  3.70;  B,  23.90.  Found  (percent):  C,  23.51;  55 
H,  4.14;  B,  22.76. 

EXAMPLE  28 

A  reaction  vessel  is  charged  with  10  g.  of  the  crystal¬ 
line  hydrate  of  H2BI2Hi2  and  11.7  g.  of  propiolic  acid  is  00 
added  to  it  slowly  over  a  p:riod  of  2  hours  with  stirring. 

The  tempr.ature  of  the  reaction  mass  L  maintained,  at 
35—40°  C.  The  mixture  is  neutralized  with  aqueous  NaOFi 
solution  and  an  excess  of  aqueous  50%  CsF  solution  is 
added.  The  precipitate  which  forms  is  separated  and  re-  c- 
crystallized  three  times  from  water  to  obtain 


Formula  1  in  which  X  is  a  substituted  or  unsubstituted 
hydroeaibon  group.  The  substituent  X  can  be  saturated 
or  unsaturaled,  open-chain  or  cyclic.  The  process,  which  is 
genetic  to  the  preparation  of  this  class  of  compounds, 
employs  ( 1 )  a  reactant  which  has  olefinic  or  acetylenic 
bonds 


'  Qt:-C^  or  -C=C-^ 


Cs2B12Hu(CjH2COOH) 

as  a  white  crystalline  salt.  The  compound  contains  a  car¬ 
boxyl  group  which  can  also  form  a  cesium  salt  and  the  VO 
compound  contains  a  small  quantity  of  this  tricesium  salt 
A nch:iis. — Calc'd  for  Cs2B,2Hn(C2H2COOH)  (per¬ 
cent):  Cs,  55.5;  H,  2.96;  C,  7.55.  Found  (percent):  Cs, 
56.7;  H,  3.40;  C,  4.20.  _ 

fcxamples  2i  through  28  illustrate  die  tor. ipc unde  of  to 


and  (2)  an  aeid  of  a  dodecaborate  which  can  have  substi¬ 
tuents.  The  unsaturated  reactant  preferably  has  at  most 
two  unsaturated  bonds,  i.e.,  at  most  two  oieiinie  or  two 
acetylenic  bonds.  The  number  of  carbons  in  this  reactant 
is  not  critical  but,  in  general,  unsaturated  reactants  of  up 
to  18  carbons  are  preferred.  Examples  of  compounds 
which  can  be  obtained  by  the  process  are: 

HnB,2Fl|o(CcH13)2  from  hexene-1  and 
K2BI2HI2,  H2B|iHi,(C2H4COOH )  from  acrylic  acid  and 
H2B12H12,  HjB^HioCfCHjJafCeiHu)  from  eyclohexene 
and  H2B12H]]C(CH3)3,  and 

H2B12H9(SCH3)2[CH(CH3)2] 

ftom  p  ropylene  and  HjB^HicfSCFMj. 

Compounds  of  Formula  1  in  which  at  least  one  X  group 
is  alkynyl  can  be  obtained  from  derivatives  bearing  open 
chain  acyl  groups  by  reaction  with  a  halogeaating  agent 
followed  by  dehydrohalogenation.  To  illustrate, 

(NH4)2B12H„C(0)CH3 
can  be  reacted  with  PCI5  to  obtain 

(NH4)2B12H„CCI2CH3 

This  compound  can  then  be  dehydrohalogenated  with,  e.g., 
aqueous  KOFI  solution,  to  obtain  (NH4)2Bi2KuC=CFL 
Compounds  of  Formula  1  in  which  at  least  one  X  group 
is  methyl  are  obtained  by  treating  B12Hn)-2CO  with  a 
reducing  agent,  e.g.,  lithium  aluminum  hydride.  To  illus¬ 
trate,  B,2Fli3-2CO  is  dissolved  in  diethyl  ether  and  this 
solution  is  added  slowly  and  with  stirring  to  a  solution  of 
LiAlFf4  in  ether.  After  addition  is  complete,  the  mixture 
is  gently  refluxed  for  a  few  hours  and  then  allowed  to 
cool.  Excess  LiAlH4  is  destroyed  by  adding  ether  saturated 
with  water  slowly  tc  the  solution  and  finally  water  is 
added.  The  ether  layer  separates  and  is  removed  by  de¬ 
cantation.  The  water  layer  is  filtered  and  the  filtrate  is 
acidified  with  hydrochloric  acid.  The  filtrate  can,  if  de¬ 
sired,  be  divided  into  separate  portions.  To  one  portion 
Bit  UiLW**^  tnlyiltryi  ur  can  bp  acf.led  to  £ r^c^itate 
Cs3Bi2FI|0(CHj}«:  to  a  second  portion  (C3Fl7)4NOFl  can 
be  added  to  precipitate  lCsH^jN  U<Bi2Hio(CH])2i  and  to 
a  third  portion  T1N03  can  be  added  to  precipitate 
Tl2B!2Ffjo(CH3'2.  The  precipitated  compounds  can  be 
isolated  and  purified  by  recrystallizalion  as  described  in 
previous  examples.  Optionally,  the  acidified  filtrate  ob¬ 
tained  from  the  reaction  can  be  subjected  to  further  purifi¬ 
cation  to  obtain  hydrated  FJ2B,2Fl1o(CH3)2  or  it  can  be 
neutralized  with  a  wide  range  of  basic  compounds,  e.g., 
NH2NH.,  NH4OH,  pyridine,  dicyclohexylamine,  dimeth- 
ylaniline,  and  the  like  to  obtain,  e.g., 

(NH2NH2)2B12H10(CH3)2 
(NH4)2B12H,o(CH3)2,  C5H5NH)2BI2H10(CH3)2, 
[(C6Hn)2NH3)2bi2H]0(CFIj)2,  and 
[C6H5NH(CH3)2]2BI2H10(CHj)a 

Compounds  of  Formula  1  in  which  at  least  one  X 
group  is  hydroxymethyl  can  be  obtained  by  reducing 
B12F1i0'2CO  w  ith  a  borohydride,  e.g.,  L:BH4.  To  illustrate,  . 
a  solutvn  is  prepared  of  LiBF^  in  1,2-dimethoxycthanc 
(glyme).  The  solution  is  ‘■tirred  under  an  inert  atmos¬ 
phere,  e.g,,  nitrogen,  and  to  it  there  is  added  drop-, vise  a 
solution  of  B12H)0-2CO  in  1.2-dimelboxyethane.  After 
addition  is  completed  the  mixture  is  refluxed  gently  for 
about  30  minutes.  The  mixture  is  cooled  and  the  glyme 
is  jwi&vtd  t>y  evaporation  Ot,  in  j  c  even,  wo  Layers  are 
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present,  by  decantation.  Tlie  residue  is  dissolved  in  water 
and  Ihe  solution  can  be  divided,  if  desired,  into  several 
portions.  These  portions  are  mixed  with  a  salt  or  base 
having  the  desired  cation  M  to  obtain  salts  of  the  anion 
U,jH10(CH2OH)3-3.  For  example,  one  portion  can  be  B 
with  va  a^ue.-vu  solution  Of  TiOH  to  obtain 
TliBnHutClljOHla.  a  second  portion  can  be  mixed 
with  KbCI  to  obtain  Rb2n12H10(CH2OH)2,  and  a  third 
poition  ran  be  mixed  with  CsCl  to  obtain 

Cs,  B12H,-'CH2OH)2  10 

Aqueous  solutions  of  these  salts  can  be  contacted  with  an 
acid  ion-exchangc  resin  to  obtain  a  pure  aqueous  solution 
of  H,al;H10(CH,OH);.  The  acid  solution  can  be  neutral¬ 
ised  with  any  desired  organic  or  inorganic  base  to  obtain  a  15 
compound  of  1'ormula  1  bearing  — CH2OH  groups. 

The  compounds  described  above  in  which  at  least  one 
X  is  — ClljOH  can  be  reacted  with  hydrohalogenic  acids 
to  obtain  compounds  of  Formula  1  in  which  at  least  one 
X  is  CHjY  (where  Y  is  F,  Cl,  Br  or  I).  To  illustrate,  20 
H,H,:Hl(1<CH;OH)i  can  be  reacted  with  HF  to  obtain 
H,’Bi:'Hii(CHj'I  ),,  with  MCI  to  obtain 

H:B15H10(CH2C1)j 

25 

with  HBr  to  obtain  H2B12H10(CHjBr)2,  and  with  HI  to 
obtain  H2B,2HI0(CH2I  )2.  These  acids  can  be  employed,  as 
described  earlier,  to  prepare  a  wide  range  of  salts. 

Compounds  bearing  — CFl2OH  groups  can  be  reacted 
with  organic  acids,  anhydrides  or  acid  halides  to  obtain 
products  hearing  — CH2OC(0)R  groups,  where  K  has  the 
meanings  defined  in  a  previous  paragraph.  To  illustrate, 
FFB,jH,0(CH3OH)2  can  be  reacted  with  acetic  anhydride 
li /obtain  H:Bi;H10|CH2CC(O)CHj]2,  with  benzoyl  chlo¬ 
ride  to  obtain  .MjB|2H10[CH2OC(O)C6H5]j,  with  meth-  g- 
acrylic  anh)dride  to  obtain 

HjB1jH„[CH30C(0)C(CH2)^CH2], 


and  the  like. 


EXAMPLE  29 


(A)  A  quantity  (20  g.)  of  [(CHj)4N]:E12HnOH,  ob¬ 
tained  as  described  in  Example  8.  Part  D,  is  mixed  with 
50  mL  of  water.  The  mixture  is  heated  to  refluxing  and 
chlorine  gas  is  passed  into  it  for  40  minutes.  The  mixture 
is  cooled  and  the  precintlalc  is  separated.  It  is  recrystallized 
from  50%  aqueous  CHjCN  to  obtain  1 8  g.  of  a  penucklo- 
lomonohydroxy  derivative. 

A naly ns. — Calc'd  for  [(CHsI^NJ.B^HgClsOH  (per¬ 
cent):  C,  19.9:  H.  6.5;  Cl,  37.0;  N,  5.8.  Found  (percent): 

C,  19.4;  H.  6.5;  Cl,  37.9;  N,  5.7. 

An  aqueous  solution  of  the  above  compound  is  passed 
through  a  column  filled  with  an  acid  icn-exchange  resin 
and  the  aqueous  effluent,  which  contains  H2B12H6CI3OH, 
is  neutralized  with  cesium  hydroxide  to  obtain  55 

Cs..,312H6CIsOH 

(B)  Sufficient  water  is  added  to  I  g.  of  Cs2BI2HnOH, 
prepared  as  described  in  Example  8,  Part  C,  to  form  a 
clcr.r  solution  at  90“  C.  Chlorine  gas  is  bubbled  through 
the  solution  at  this  temperature  for  one  hour.  The  prod¬ 
uct  which  is  formed  is  sparingly  soluble  and  water  is  added 
as  needed  to  maintain  a  clear  hot  solution  during  passage 
of  ihe  gas.  Flow  of  chlorine  is  stopped  and  the  solution  is 
chilled.  White  crystals  form  which  are  separated,  recrystal-  fi3 
lized  from  hot  water  and  dried.  The  product  is  the  mono- 
hydrate  of  CsjBi2HCIioOH. 

A  naly  sis. — Calc’d  for  Cs2Bl2HCli0OH-H2O  (percent): 

Cs,  33.8;  B,  16.5;  H,  0.5;  Cl,  45.1.  Found  (percent):  Cs, 
32.5,  32.8;  B,  16.5,  16.5;  II,  0.7,  0.6;  Cl,  45.3,  45.6.  70 

The  above  process  is  repeated  employing 

Cs2B12H„OCH(CH3)j 

of  Example  13,  Part  B,  and  Cs2BuHnOC6Hn  of  Example  75 


15,  Part  C,  in  place  of  Cs2B!2HhOH.  The  product  obtained 
with  cither  reactant  is  Cs2B!2HCl!oOH  as  a  hydrate. 

(C)  A  reaction  vessel  is  charged  with  60  g.  of 

lluIItt-SCHji'CtOJCIIiCU.Cili 

obtained  us  described  hi  Example  t>,  pMtC,  and  3  ‘elu¬ 
tion  of  28  g.  of  NaOH  in  300  ml.  of  water.  The  mixture  is 
refluxed  for  one  hour.  It  is  cooled  and  sufficient  concen¬ 
trated  hydrochloric  acid  is  added  to  form  a  neutral  solu¬ 
tion.  The  solution  is  heated  to  slow  rc/luxtng  and  chlorine 
gas  is  passed  through  it  for  1.5  hours.  The  solution  is 
cooled  and  neutralized  with  aqueous  NuOH  solution.  It  is 
stirred  and  50  g.  of  (CH3)4N0H-5H20  is  added,  fhe  so¬ 
lution  is  cooled  in  ice  and  the  precipitate  which  forms  is 
separated  to  obtain  [(CHj)4NJ2B12Cl8H2(OH)2.  The  fil- 
trate  is  set  aside  for  further  processing.  The  comnound  is 
further  purified  by  recrystallization  from  50%  aqueous 
acetonitrile  to  obtain  27  g.  of  product. 

Analysis. — Calc’d  for  [ (CH5)4N)2B12ClsH2fOH)2  (per¬ 
cent)  :  C,  15.9;  H,  4.7;  Cl,  47.4.  Found  (percent) :  C,  16.4; 
H,  4.9;  Cl,  46.6. 

The  filtrate  from  the  above  process  is  allowed  to  evapo¬ 
rate  for  two  days  at  atmospheric  temperature.  Crystals 
form  which  are  separated  and  dried  to  obtain  14.5  g.  of 
[(CH2)4N)2B12Cl,H3(OH)2. 

Analysis. — Calc’d  for  [(CH3)4NJ2B12Cl7H2(OH)2  (per¬ 
cent):  C,  17.0;  H,  5.1;  Cl,  43.8.  Found  (percent):  C,  17.5; 
H,  5.4;  Cl,  43.6. 

(D)  An  aqueous  solution  of  [(CH3)4N]3B12Hl,(OH)3 
is  prepared  as  described  in  Example  8,  Part  H,  and  it  is 
evaporated  to  a  volume  of  200  ml.  The  solution  is  cooled 
to  5“  C-  chlorine  gas  is  bubbled  through  it  and  the  tem¬ 
perature  is  raised  gradually  to  95°  C.  Excess  chlorine  is 
then  swept  from  the  solution  with  a  stream  or  nitrogen 
and  the  solution  is  evaporated  to  dryness  under  reduced 
pressure.  There  is  obtained  57.7  g.  of  a  gummy  residue 
which  is  mixed  with  55  ml.  of  water.  The  mixture  is  made 
neutral  with  aqueous  (CHjJtNOH  solution  and  it  is  fil¬ 
tered.  The  filtrate  is  added  to  4S0  iul.  of  absolute  ethyl 
alcohol  and  a  white  crystalline  solid  precipitates  which  is 
[(CH3)«N]2B13C1„(GH)3.  The  crystals  are  separated, 
washed  with  absolute  alcohol  and  dried  under  reduced 
pressure  to  yield  33.3  g.  of  product.  The  compound  is  fur¬ 
ther  purified  by  dissolving  in  water  and  precipitating  again 
with  alcohol. 

Analysis. — Calc’d  for  [(CH3)4N]2B12Cl9(OK)3  (per¬ 
cent):  N,  4.32;  C,  14.82;  H,  4.20;  B,  20.03;  Cl,  49.22. 
Found  (percent):  N,  4.35,  4.19;  C,  15.33;  H,  4.60;  B, 
20.93;  Cl,  49.45. 

(D)  A  solution  of  6.13  g.  of  (NH4)2Bi2H9(OH)3,  pre¬ 
pared  as  described  in  Example  8,  Part  I,  is  chlorinated  as 
described  above  to  obtain  the  trihydroxynonachlorododec- 
aborate  salt,  i.e.,  (NH4)2Bi2C19(OH)3. 

(E)  An  aqueous  solution  of  H2Bi2Hs(OH)4,  prepared 
as  described  in  Examp!*  8.  part  J,  is  warmed  to  50-60°  G. 
and  chlorine  gas  is  bubbled  through  it  until  no  further  ab¬ 
sorption  of  the  gas  is  observed.  The  reaction  mixture  is 
cooled  and  neutralized  with  NHiOH.  It  is  divided  into 
two  portions.  One  portion  is  mixed  with  an  aqueous  solu¬ 
tion  of  (CH3)4NC1  and  the  second  portion  is  mixed  with 
an  aqueous  solution  of  (n-Cj^^TS'I.  In  each  ease  the 
white  precipitate  which  forms  is  separated,  recrystallized 
from  water  and  dried.  The  compounds  are  salts  of  the 
teirahydroxyoctachlorododecaborate  anion. 

Analysis — Calc’d  for  r(CH3)4N]2Bi2Cl5(OH)4  (per¬ 
cent):  B,  20.7;  C,  15.2;  H,  4.13;  Cl,  45.2.  Found  (per¬ 
cent):  B,  20.7;  C,  15.3;  II,  4.73;  Cl,  46.2. 

Analysis. — Calc’d  for  f(C3H7)4Nl2B|2CIs(OH)4  (per¬ 
cent):  B,  15.2;  C,  33.7;  H,  7.50;  Cl,  3J.2.  Found  (per¬ 
cent):  B,  13.3;  C,  24.8;  H,  6.05;  Cl,  33.8. 

The  infrared  spectrum  of  the  tetramethylammonium  salt 
shows  characteristic  absorption  bands  at  the  following 
wavelengths  (expressed  as  cm.-1):  3600,  medium;  3100, 
medium;  1200,  medium;  1080,  weak;  1025,  strong,  broad; 
940,  strong;  850,  strong,  broad;  and  720,  strong,  broad. 
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EXAMPLE  30  Analysis.— Caic'd  for  [(CH3)4N]2B,..Br9(OH)3  (per- 


fAf  .A  mhlurc  it  ptepured  cor jistintj  of  20  ml.  of 
water  .mid  I  g.  of  C.XjH.jHnOCHfCH,')*.  obtained  as 
desenreo  in  Example  13.  Part  II.  Liquid  bromine  is  added 
dropwtwr  to  the  solution  with  stirring.  The  reaction  is  ! 
exothermic  and  the  solution  refluxes.  Water  is  added  as 
needed  -during  the  process  to  maintain  a  clear  solution. 
When  bromine  is  no  longer  absorbed,  the  solution  is 
heated  nf  ma.nlain  refluxing  and  chlorine  gas  is  bubbled 
through  the  solution  while  bromine  is  added  uTopwise  l1 
for  3  minnties.  The  solution  is  then  evaporated  partially, 
filtered  aind  the  filtrate  is  cooled.  A  precipitate  forms 
which  :h  separated,  washed  with  water  and  dried  under 
reduced  pressure  to  obtain  1.7  g.  of  Cs2B12Bri,OH. 

Aruil-u j. — Calc'd  for  0;BnHrnOH  (percent):  Cs,  1; 
20.6;  R.  10.1;  Hr,  68.0.  Found  (percent);  Cs,  '.0.3;  B, 
9.8;  Br.  -t.K.4. 

<H)  B.mminalion  of  [(CH3)4Nl2nl2H11OCH(C;!Hs)2, 
obtair.ee.  as  described  in  Example  15,  is  conducted  as 
desentree.  in  Part  A  to  obtain  2.2  g.  of  “*■ 


cent);  B,  12.39;  N,  2.67;  C,  9.16;  H,  2.60;  Br.  68.60. 
Found  (percent):  B,  12.36;  N,  2.69,  2.27;  C,  8.4C;  H, 
2.82;  Br,  68.65. 

EXAMPLE  31 

Sufficient  water  is  added  to  2.0  g.  of  Cs2B|2HuOCH3, 
prepared  as  described  in  Example  1 1,  Par:  B,  to  form  a 
clear  soiutioruat  90°  C.  Chlorine  gas  is  passed  into  the 
solution  at  this  temperature  and  water  is  added  as  needed 
to  maintain  a  clear  solution.  Passage  of  chlorine  is  con¬ 
tinued  until  reaction  is  complete  and  the  solution  is  then 
cooled.  While  crystals  of  hydiated  Cs2B|2HCIk,OCH3  pre¬ 
cipitate.  The  crystals  are  separated  and  crystallized  from 
water. 

Analysis. — Calc'd  for  Cs:B12HC1|0OCH3-H-O  (per¬ 
cent):  Cs,  33.2;  B.  16.2;  C,  1.5;  H.  0.75;  Cl.  44.4.  Found 
(percent):  Cs,  32.9;  B,  16.4;  C,  1.3;  H,  0.96;  Cl,  44.1. 

EXAMPLE  32 

A  suspension  is  prepared  consisting  of  150  ml.  of  meth- 


((CHj)4N):Bl:3r11OH 

Anal- tit. — Calc'd  for  [  (CH3)4N)2B12Pr;1OH  (per¬ 
cent  ) :  E.  1 1.0:  C,  8.2;  H.  2. 1 :  Br.  74.8.  Foun  i  (percent) ;  oj 
B.  1 0.9:  C.  K.5:  H.  2.2:  Br.  74.9. 

(C)  Scomination  of  1.0  g.  of  {(CH3)4N]2B12H„OH 
(see  Example  8.  Part  D),  as  described  in  Part  A,  yields 
2.2  g.  cc  |  iClljl,N):B|:Br,|OH.  Similarly  bromination 

of  2.0  j.  of  Cs,H|;H|,OH  (see  Example  8,  Part  B)  yields  30 
2.0  g.  of  Cs2B13BrnOH. 

(D)  A  portion  (5.5  g.)  of  product  B,  obtained  as  de¬ 
scribed  ur.  Example  8,  Part  G.  is  mixed  with  30  ml.  of 
water  anc  2  g.  of  NttOH.  The  mixture  is  refluxed  for  2.5 
hours  atiid  then  cooled  to  atmospheric  temperature.  It  is  3a 
diluted  w  ch  20  nil.  of  water  and  liquid  bromine  is  added 
dronwisc  with  stirring.  The  reaction  is  exothermic  and 
proceeds  rapidly.  Bromine  addition  is  continued  until  the 
color  of  bromine  persists  for  10  minutes.  The  mixture  is 
then  rr.aiar  basic  by  addition  of  solid  NaOH.  Aqueous  40 
(CHjUNCI  solution  is  added  with  stirring  until  precipita 
lion  of  a  while  solid  is  complete.  The  solid  is  separated 
and  crycudiuted  from  hot  water  to  obtain  3.5  g.  of  white 
crystalline:  1 1  Cl  I,  LNtjB.jBr^lOHV 

Ar.aiyy-s. — Calc'd  for  I  (CFl3)4Nl2B12Br11,(OH)2  (per-  45 
cent):  B-  11.70;  C,  8.00;  H,  2.30;  Br,  71.80;  N,  2.50. 
Found  I  percent):  U,  11.82;  C.  9.21,  9.02;  H,  2.76,  3.03; 

Br.  71.6.L.  72.03;'  N.  2.47,  2.59. 


anol  and  3.5  g.  of  lfCH3)4N]2B,2H„OCK2CH2OCH3, 
obtained  as  described  in  Example  17,  Part  A.  The  sus¬ 
pension  is  cooled  to  10°  C.  and  this  temperature  is  main¬ 
tained  while  a  solution  of  27.S  g.  of  bromine  in  40  ml. 
of  methanol  is  added  Uropwise  with  stirring.  The  reaction 
mixture  is  allowed  to  warm  to  atmospheric  temperature 
and  it  is  stirred  for  1 1  hours.  The  solution  is  concentrated 
on  a  rotary  evaporator  and  (CH3)4NBr  separates.  The 
mixture  is  filtered  and  the  filtrate  is  evaporated  to  dryness. 
A  gray  solid  form  which  is  crystallizes  from  water  to 
obtain  crystalline  Whi' 

( (CH3 )  4N  ]  2  J12H3BrsOCH2CH2OCH, 

Analysis. — Calc’d  for  the  above  product  (Derccnl):  B, 
13.04;  Br,  61.22;  C,  13.27;  H.  3.44;  N,  2.81.  Found  (per¬ 
cent):  B,  12.62;  Br,  64.39;  C,  12.62;  H,  3.03:  N,  2.19, 
2.1.3. 

EXAMPLE  33 

Chlorine  gas  is  bubbled  through  a  mixture  of  aceto- 
riutU"  ar.«i  CvjL35HiiCH(CH3);,  obtained  at  tJetcribtd 
in  Example  21.  ’ihe  temp-rature  of  the  reaction  mixture 
is  maintained  at  25—40°  C.  during  the  process  and  pas- 
sate  of  gas  is  nentumd  until  r;  furtA^r  tifcuSqiHu  jp- 
curs,  The  solution  is  evaporated  to  dryness  and  the  solid 
residue  is  recrystailized  from  water  to  obtain 

Cs2B,2H4CI,CH(CH3)2 


(E)  A  solution  consisting  of  100  ml.  of  water  and  10 
C-  C.s— ?i”H9(OH  )3.  prepared  as  described  in  Example  50 

8.  Part  54.  is  cooled  to  about  8°  C.  Liquid  bromine  is 
added  iL'.ipwisc  with  stirring  and  the  solution  tempera¬ 
ture  is  tnauntained  at  8-32‘  C.  until  the  rate  of  bromine 
absorputm  decreases.  An  excess  of  liquid  bromine  is  added 
at  this  am;  and  chlorine  gas  is  bubbled  through  the  5; 
solution  is  the  temperature  is  raised  from  32°  to  83°  C. 
When  nc  further  reaction  is  evident,  addition  of  chlorine 
is  stopped  and  nitiogcn  gas  is  passed  into  the  mixture  to 
sweep  cun  excess  chlorine  and  bromine.  The  solution  is 
evaporated  at  55°  C.  under  reduced  pressure  to  yield  00 
25.12  g.  of  solids.  The  solids  are  divided  into  two  portions. 

One  pinion  is  dissolved  in  water  and  neutralized  with 
aqueous  CsOH  solution.  The  precipitate  which  forms  is 
scparate-.it  and  crystallized  twice  from  water  to  obtain 
Cs^U^Brj.iOH);,  as  a  white,  crystalline  solid.  03 

A ralyaus. — Calc’d  far  Cs2Bl;Brg(OH)3  (percent):  Cs, 
22.82;  B-  11.06;  Br,  61.74.  Found  (percent):  Cs,  22.10; 

B,  1 2.443_  32.14;  Br,  63.48,  63.26. 

The  sciaond  portion  of  solids  is  dissolved  in  water  and 
the  solucion  is  passed  through  a  column  packed  with  a  70 
strong  aotid  Ion-exchange  resin.  The  effluent  is  neutralized 
with  (CE53)4NOH  and  evaporated  under  reduced  pressure 
M  }f°  C„  !  j  Tlrt  nm 

pound  i>  further  purified  by  crystallization  front  50% 
aqueous  -alcohol.  75 


Analysis. — Calc’d  for  above  compound  (percent):  C, 
5.10:  H,  1.60;  Cl,  36.20.  Found  (percentl:  C,  4.64;  H, 
1.56;  Cl,  35.47. 

EXAMPLE  34 


A  portion  of  the  product,  whose  average  composition 
is  Cs2Bi2H'o.6(C2H4C6H5)14,  which  is  obtained  as  de¬ 
scribed  in  Example  25,  Part  B.  is  mixed  with  acetonitrile 
and  the  mixture  is  chlorinated  as  described  in  Example  33. 
The  reaction  mixture  is  processed  to  obtain  the  cesium 
salt  which  is  shown  by  elemental  analysis  to  have  the 
average  composition  Cs3B!2a,0.6(C2H4C6H5)i.4. 

Analysis. — Calc'd  for  above  composition  (percent): 
C,  16.40;  H,  1.50;  Cl,  46.10.  Found  (percent):  C,  17.46; 
H,  1.98;  Cl,  46.41. 

The  acid  H2B]2Hi«  (and  its  hydrates)  reacts  with  ni¬ 
triles,  c.g.,  acetonitrile,  propionitrile,  benzonitrile.  to  form 
dodecaborates  having  nitrogen-containing  substituents 
whose  structure  has  not  been  determined  exactly.  The 
substituted  compounds  can  be  reacted  with  halogens,  e.g., 
bromine,  to  obtain  dodecaborates  bearing  both  b.umine 
and  nitrogen-containing  substituents.  The  preparation  of 
these  compounds  is  illustrated  in  Example  35. 


EXAMPLE  35 


(A)  A  mixture  of  100  ml.  of  CH3CN  and  24  g.  of 
hydrated  HcB^Hu  (N.E.,  186)  is  refluxed  on  a  Meant 
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bath  for  about  9.5  days.  The  solution  is  divided  into  two 
equal  parts. 

Aqueous  CsOH  solution  is  added  to  one  part  and  aque¬ 
ous  (CH3)4NOH  is  added  to  the  second  part.  The  precipi¬ 
tates  which  fonn  are  separated  to  obtain  the  cesium  and  r 
teiramcthylanimonium  salts  of  substituted  dodecaborates. 
The  infrared  absorption  spectrum  of  the  cesium  salt  shows 
a  sharp  band  at  3.0m  and  a  broad  band  at  6.3 m.  The  ele¬ 
mental  analyses  of  each  of  the  saiis  is  as  follows: 

Cs  salt:  Cs,  48.1;  B,  36.6:  C.  3.20;  H,  4.40;  N,  3.2.  ]0 

(CH3)4N  salt:  B,  52.9;  C,  19.0;  H,  11.5;  N,  9.8. 

Portions  of  each  of  the  salts  arc  refluxed  in  concen¬ 
trated  aqueous  HBr  for  a  short  period  and  the  solutions 
are  neutralized  with  base.  The  salts  are  separated  and 
have  the  following  elemental  analysis:  15 

Cs  suit.  Cs,  55.9,  B,  25.1;  C,  2.0:  H,  3.2;  N,  3.3. 

(CH3)4N  salt:  B,  55.6;  C,  19.7;  H,  11.2;  N,  10.7. 

Portions  of  each  of  the  salts  are  boiled  in  concentrated 
aqueous  HBr  for  a  short  period  and  they  are  then  treated 
with  liquid  bromine  as  described  in  Example  3,  Part  L.  “10 
The  salts  arc  isolated  and  they  show  the  following  ele¬ 
mental  analyses: 

Cs  salt:  Cs,  15.3;  B,  10.8;  C,  2.5;  H,  0.9;  Br,  67.7;  N, 

1.2. 

(CH4)3N  salt:  B,  13.3;  C,  5.9;  H,  2.5;  Br„  76.0;  N,  2.9.  23 

(B)  A  mixture  of  100  ml.  of  propionitrile  and  24.5  g. 
of  hydrated  HL.B,oH12  (N.E.,  190)  is  refluxed  for  about 
9.5  days.  The  reaction  mixture  is  processed  in  the  manner 
described  in  Part  A,  including  refluxing  with  HBr  and 
perbromination.  The  infrared  absorption  spectrum  of  the  o0 
cesium  salt,  as  obtained  initially,  shows  a  characteristic 
double  peak  at  9.5m.  Elemental  analyses  of  the  Cs  and 
(CH3)4N  salts  are  as  follows: 

Cs  salt:  Cs.  49.0;  B,  34.7;  C,  5.0;  H,  4.5;  N,  3.3. 

(CH3)4N  salt:  B,  45.3;  C,  26.6;  H.  11.3;  N,  13.6.  *H> 

After  treatment  with  refluxing  HBr  solution,  the  ele¬ 
mental  analyses  are: 

Cs  salt:  Cs,  34.7;  B,  23.8;  C,  2.3;  H,  3.2;  N,  3.3. 

(CH3)4N  salt:  B,  53.2;  C,  21.8;  H,  11.4;  N,  9.1.  40 

After  treatment  with  refluxing  HBr  solution  and  with 
liquid  bromine,  the  elemental  analyses  are: 

Cs  salt:  Cs,  15.1;  Bt  10.8;  C,  3.6;  H,  1.3;  Br,  67.0;  N, 

1.5. 

(CH3)<N  salt:  B,  12.9;  C,  8.0;  H,  2.6;  Br,  74.5;  N,  3.0.  _J. 

EXAMPLE  36 

(A)  A  mixture  consisting  of  10  g.  of  hydrated  crystal¬ 
line  (H30)=Bl:Hn  and  20  g.  of  hydrogen  sulfide  is  heated 
in  a  pressure  vessel  under  autogenous  pressure  with  agi-  0 
tation  for  4  hours  at  100°  C.  The  vessel  is  cooled,  vented 
and  flushed  with  nitrogen.  The  reaction  mixture  is  neu¬ 
tralized  with  cesium  hydroxide  and  the  precipitate  which 
forms  is  separated  and  rccrystallized  twice  from  water. 

The  product  is  Cs2B13HnSH  whose  infrared  spectrum 
(mineral  oil  mull)  shows  slight  absorption  at  2.8  and  6.3m; 
strong  absorption  at  4.0m;  moderate  absorption  at  9.5, 

10.3,  11.9  and  13.9m. 

A naivsis. — Calc d  foi  ,  rC(Ttit f :  B,  29. T; 

S,  7.3;  H,  2.7;  Cs,  60.5.  Found  (percent):  3,  30.1;  S,  7.5; 

H,  2.8;  Cs,  60.0. 

(B)  The  cesium  salt  obtained  above  is  dissolved  in 
CH3CN  and  chlorine  gas  is  passed  into  the  solution  at 
25-32°  C.  for  15  minutes.  The  solution  is  evaporated  and  bo 
the  solid  residue  is  rccrystallized  from  water  to  obtain 

a  product  whose  analysis  agrees  fairly  well  for  the  com¬ 
position  Cs2Ri2H4C12SH  or  the  closely  reh.ted  disulfide 
f Cs2B  12H4C12S — ) 2.  The  infrared  absorption  spectrum  -0 
shows  bands  at  2.8,  6.2  and  9.5m  (strong);  and  weak  bands 
at  10.5,  11.2,  11.7  and  13.8m. 

Analysis. — Ca'c'u  foi  Cs2ff,2H4Cl7Sit  Cf, 

36.5;  S,  4.7;  B,  19.1.  Found  (percent):  Cl,  35.5;  S,  4.7; 

B,  19.0.  76 
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EXAMPLE  37 

(A)  A  weighed  portion  (1.1  g.)  of  crude 

Cs2B12H|o[C(0)NHi]2, 

prepared  as  described  in  Example  41,  is  heated  under 
very  low  pressure  to  a  maximum  of  410°  C.  for  a  period 
of  one  hour.  The  residue  is  cooled  and  is  dissolved  in  a 
few  milliliters  of  water.  An  equal  volume  of  aqueous  50% 
CsC!  is  added  and  the  solution  is  chilled  to  precipitate 
Cs2B12H|i)(CN)2.  The  precipitate  is  separated,  washed 
and  dried  to  obtain  0.3  g.  of  product.  The  infrared  spec¬ 
trum  of  the  product  shows  major  absorption  bands  at  the 
following  wavelengths  (expressed  as  cm."1):  2500,  2190, 
1260,  1040,  1020.  850  and  725. 

Analysis. — Calc’d  for  Cs2B12Hio(CN)2  fpercent):  C, 
5.2;  H,  2.2;  B,  2s.4;  N,  6.1;  Cs,  56.u.  Found  (percent): 
C,  5.1;  H,  2.6;  B,  27.6;  N,  4.8;  Cs,  55.4. 

(B)  A  mixture  consisting  of  10  g.  of  a  crystalline  hy¬ 
drate  of  (H30)2B12Hi2  and  15  g.  of  cyanogen  chloride 
(CNC1 )  is  reacted  in  a  pressure  vessel  at  225  psi.  pressure 
and  at  25-26°  C.  for  4  hours.  The  product  is  a  friable 
mass.  It  is  dissolved  in  dilute  aqueous  NaOH  solution 
and  to  this  solution  is  added  an  aqueous  50%  CsF  solu¬ 
tion.  The  precipitate  which  forms  is  separated  and  re- 
crystalized  front  water.  The  product  is  principally 

Cs,B,2HcCl2(CN)4. 

Its  infrared  absorption  spectrum  includes  the  following 
bands:  2.75,  2.9,  3.95,  4.5,  6.2  (broad),  10.3  (shoulder 
at  9.9),  12.2  and  13.7m  (broad). 

Analysis. — Calc'd  for  Cs2B12HbCI2(CN)4  (percent):  C, 
8.3;  H,  2.1;  Cl,  12.2:  N,  9.7.  Found  (percent):  C:  7.5; 
H,  4.2;  Cl,  13.7;  N,  10.3. 

EXAMPLE  3C 

(A)  The  crude  reaction  product  obtained  from 

H2B12H„ 

and  CO,  as  described  in  Example  E,  is  dissolved  in  water 
and  aqueous  CsF  is  added  to  the  solution.  The  precipitate 
which  forms  is  extracted  repeatedly  with  water  and  the 
least  water-soluble  fraction  is  isolated.  This  fraction  is 
Cs2B12Hu(COOH).  The  infrared  absorption  spectrum 
shows  strong  absorption  at  6.0m,  i.e.,  for  the  -  -C(0)OH 
group. 

Analysis. — Calc’d  for  Cs2B12Hn(COOH)  (percent): 
C,  2.4;  H,  2.4;  B,  28.8.  Found  (percent):  C,  2.6;  H,  2.5; 
B,  27.6. 

(B)  A  portion  of  the  above  salt  is  dissolved  in  excess 
aqueous  NaOH  solution  to  form  Na2B12Hit(COONa)  in 
solution.  This  solution  is  added  to  a  large  excess  of 
aqueous  T1N03  solution  and  the  precipitate  which  forms 
is  isolated.  It  is  T12Bi2Hi,(COOT1).  The  infrared  spec¬ 
trum  shows  absorption  bands  at  6.8 m,  i.e..  for  the 
— C(0)0T1  group. 

(C)  Sufficient  B12Hi0-  2CO  is  added  gradually  and  care¬ 
fully  to  a  quantity  of  water  to  form  a  solution  containing 
about  10%  by  weight  of  the  dicarbonyl  compound.  The 
Bi2Hio’2CO  reacts  vigorously  with  the  water  during  addi¬ 
tion  and  the  compound  formed  in  solution  is  dihydrogen 
uicurboXydctaIi>diodudecal'Oiatt.(2 '  ),  i  t., 

H2B,2H10(COOH)j 
In  its  hydronium  form  the  compound  is 
(H3O)2B12H10(COOH)j 

The  acid  is  dehydrated  easily  to  the  bis(carbonyl)  com¬ 
pound  and,  for  this  reason,  the  acid  is  preferably  kept 
in  aqueous  solution.  The  solutions  are  stable  and  can  be 
stored  in  conventional  equipment  customarily  used  for 
strong  inorganic  acids. 

The  identity  of  the  acid  is  confirmed  by  the  nuclear 
magnetic  resonance  spectrum  of  its  aqueous  solution. 
Ine  L;i  resonance  snows  two  peaKS,  tne  more  intense 
of  which  is  displaced  +39.4  p.p.m.  and  the  weaker  peak 
+47.4  p.p.m.  from  trimethyl  borate. 
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(D)  An  aqueous  solution  of  CsF  is  added  to  a  portion 
of  the  solution  of  the  acid  obtained  in  Part  C.  The  pre¬ 
cipitate  which  forms  is  separated  and  it  is  rccrystallized 
fractionally  from  water  to  obtain  CsjB^HioCCOOH);.. 

The  infrared  absorption  spectrum  of  a  mineral  oil 
mull  of  the  compound  shows  the  following  bands:  2.65, 
3.9,  5.9,  7.9,  9.3,  9.6,  10.8.  13.8  (broad)  and  14.4,*. 

Analysts.— ^aic'a  tor  <-s2H|2Hi0(COOH)2  (percent): 
C,  4.7;  H,  2.9;  B,  26.0:  Cs,  53,6.  Found  (percent):  C, 
4.7;  H,  2.9;  B.  25.9;  Cs,  52.7. 

(E)  An  excess  of  aqueous  NaOH  solution  is  added 
to  a  second  portion  of  the  acid  solution  of  Part  C  to 
obtain  a  solution  of  Na2E12H10(COONa)2.  This  solution 
is  added  to  a  large  excess  of  an  aqueous  thallium  nitrate 
solution  and  the  precipitate  which  forms  is  separated  to 
obtain  TI2Bj2Hio(COOT1)2. 

The  infrared  spectrum  of  a  mineral  oil  mull  shows 
absorption  at  4.0,  7.5,  9.7,  10.0,  10.6,  13.2,  and  13.9m. 

Analysis. — Calc’d  for  Tl2B12Hio(COOTl)2  (percent); 
C,  2.3;  H,  1.0;  B,  12.4.  Found  (percent:  C,  2.7;  H,  1.1; 
B,  12.8. 

EXAMPLE  39 


56 

EXAMPLE  40 


10 


A  reaction  vessel  is  charged  with  10  ml.  of  methanol 
and  0.5  g.  of  B12H10-2CO  is  added  with  stirring.  The  re¬ 
action  is  exothermic  and  a  solution  forms.  The  solution  is 
v, armed  to  incipient  refluxing  for  about  30  minutes.  A 
solution  consisting  of  1.0  g.  of  (CH3)4NCi  in  20  ml.  of 
■v*  thar.ol  is  added  with  stirring  and  a  solid  product  forms. 
The  solid  doer  not  redissolve  on  heating  even  with  the 
addition  of  more  methanol.  The  slurry  is  chilled  and  the 
solid  product  is  separated  by  filtration.  It  is  washed  and 
dried  to  obtain  0.9  g.  of 


15 


[(CH3)4N)JB12H1()[C(0)0CH3]J 

The  infrared  spectrum  of  the  compounds  shows  absorp¬ 
tion  bands  at  .the  following  wavelengths  (expressed  as 
cm.-1):  2500,  1660,  1480,  1200,  1070,  1040,  1000-1015, 
950,  885,  760,  and  730. 

Analysis. — Calc’d  for 
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(A)  Gaseous  chlorine  is  bubbled  through  a  solution 
consisting  of  0.5  g.  of  B|2H,0-2CO  and  25  ml.  of  water. 
An  exothermic  reaction  occurs  and  the  temperature  of 
the  solution  rises  to  a  maximum  cf  about  50”  C.  before 
subsiding.  The  solution  is  now  heated  to  90-100°  C.  and 
passage  of  chlorine  gas  is  continued  until  the  solution 
shows  the  color  of  excess  chlorine.  The  reaction  mixture 
is  now  cooled  and  an  excess  of  an  aqueous  solution  of 
(CH3)«NC1  is  added.  A  white  precipitate  forms  which 
redissolves  when  the  solution  is  heated.  The  hot  solution 
is  cooled  and  the  crystalline  solid  which  forms  is  sep¬ 
arated  by  filtration  to  obtain  1.5  g.  of 

[(CH3)4N]2B12H2Cle(COOH)3 

The  infrared  spectrum  of  the  compound  shows  major 
absorption  bands  at  the  following  wavelengths  (expressed 
as  microns):  5.95;  6.05,  6.75,  7.8,  9.6,  10.55,  11.65  and 
and  13.85. 

A nalysis. — Calc’d  for  [(CH3)4N]2BI2H2CI8(COOH)3 
(percent):  C,  18.4;  H.  4.0;  N,  4.3;  B,  20.0;  Cl,  43.5. 
Found  (percent):  C,  17.7;  H,  4.2;  N,  4.4;  B,  19.5;  Cl, 
44.7. 

(B)  A  reaction  vessel  is  charged- with  0.5  g.  of 
.  Bi2H,q‘2CO 

and  25  ml.  of  water.  A  solution  forms  and  to  it  4.5  g.  of 
iodine  is  added  with  stirring.  The  solution  is  refluxed  for 
2  hours,  cooled  to  atmospheric  temperature  and  filtered 
to  remove  undissolved  iodine.  The  filtrate  is  heated  to 
boiling  and  nitrogen  gas  is  bubbled  through  it  to  remove 
Unreac-ted  dissolved  iodfoi  A  Small  tjnanUlJt  {if  tWKtUSf 
»  added  to  the  solution  followed  ly  a  smalt  quantity  of 
zinc  dust  to  remove  the  last  traces  of  unreacted  iodine. 
The  solution  which  is  nearly  colorless  is  filtered  and  an 
aqueous  solution  of  (CH3)4NC1  is  added  to  the  filtrate. 
A  white  solid  is  formed  which  redissoives  on  heating  the 
solution  to  boiling.  The  solution  is  now  chilled  and  the 
crystals  which  form  are  separated.  The  crystalline  prod¬ 
uct  is  redissolved  in  a  minimum  amount  (about  30  ml.) 
of  hot  water  to  form  a  clear  solution.  On  cooling  to  at¬ 
mospheric  temperature  a  small  quantity  (0.2  g.)  of 
(CH3)4NI  separates  which  is  removed  by  filtration.  The 
filtrate  is  chilled  to  about  0°  C.  or  or  less  and  the  solid 
which  forms  is  separated,  washed  and  dried  to  yield  a 
mixture  of  [(CH3)4N2)BI2H7r3(COOH)2  and  (CH3)4NI 
in  a  molar  ratio  of  1:2,5.  The  infrared  spectrum  shows 
major  absorption  bands  (expressed  as  cm.-1)  at  2500. 
1650,  1250,  1050,  and  940. 

Analyst. — Calc’d  for 

[(CH3)4Nl2BI2H7I3(COOH)3-2.5(CH3)4NI 

(percent):  C,  19.1;  H,  5.1;  B.  10.3;  N.  5.0;  I,  55 J. 
Fuuuil  tfanar.Tj;  r  ib7-  H  %  I:  L  ftU;  7*,  J4  US 
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[(CH3)4N]2B12HI0[C(O)OCH,]3 

(percent)  C,  35.5;  H,  9.9;  B,  32.0;  N.  6.9.  Found  (per¬ 
cent):  C,  35.1;  H,  10.0;  B,  3J.9;  N,  7.0. 

EXAMPLE  41 

(A)  A  reaction  vessel  is  charged  with  1  g.  of 
B12H13-2CO 

and  the  vessel  and  contents  are  cooled  to  about  —80°  C. 
Pressure  in  the  vessel  is  reduced  >o  a  very  low  value  and 
about  25  ml.  of  liquid  ammonia  is  condensed  into  the 
vessel.  A  white  slurry  forms  and  it  is  allowed  to  warm 
gradually  to  permit  excess  ammonia  to  evaporate.  A  white 
solid  remains  which  is  (NH<),BI2H]0[C(O)NH2]2.  The 
solid  is  held  under  a  reduced  pressure  of  about  10~5  mm. 
35  Hg  at  prevailing  aiomspheric  temperature  to  remove  the 
last  traces  of  urreacted  ammonia.  The  infrared  spectrum 
of  the  compound  shows  characterizing  bands  at  the  fol¬ 
lowing  wavelengths  (expressed  as  rm.-'):  3450,  3300, 
3200,  2500,  1625,  1500,  1430,  14CC,  1100,  1050,  1010, 
40  865,  815.  725  and  670.  The  ammonium  salt  is  very  soluble 
in  water. 

Analysis.— Calc’d  for  (NH4)2B12H10[C(O)NH:]2  (per¬ 
cent):  B,  49.2;  N.  21.2;  C,  9.1;  H.  8.4.  Found  (percent); 
B,  48.8;  N,  21.2;  C,  9.4;  H,  8.5. 

The  ammonium  salt  is  dissolved  in  water  and  the  aque¬ 
ous  solution  is  passed  through  a  column  filled  with  an 
acid  ion-exchange  resin  to  obtain  the  acid, 


45 


H2BI2H:o[C(0)NH2)2. 


00 


GO 


G.5 


Aqueous  solutions  of  this  acid  are  reacted  with  CsOH, 
(CH3)4NOH  an*!  (CH3)3SOH  to  form,  respectively, 
Cs2B12H10[C(O)NH2]2-  f(CH3)4N]2BnH,0[C(O)NH2)2 
■uu*  I'O-lj  T--*  s*Hs  tte  White, 

crystalline,  highly  water-soluble  compounds. 

(B)  A  portion  of  Ihe  ammonium  salt  obtained  in  Part 
A  is  dissolved  in  a  small  quantity  of  water.  The  solution 
is  made  basic  by  addition  of  a  small  quantity  of  NH4OH 
and  an  aqueous  solution  of  CsCI  is  added  in  excess.  Crude 
Cs2BI2Hj0[C(O)NH2)2  precipitates  and  it  can  be  separated 
if  desired.  Alternatively,  the  mixture  is  heated  to  boiling 
for  a  few  minutes  and  the  solution  is  chilled.  A  white 
crystalline  product  then  separates  which  is  a  hydrate  of 
Cs2B;2Hio[C(0)OH]  IC(0)NH2).  The  compound  is 
called  dicesium  monocarboxymonocarbar.yldecahydro- 
dodecaborate(2~).  Its  infrared  spectrum  contains  the  fol¬ 
lowing  characteristics  absorption  bands  (wavelengths  ex¬ 
pressed  as  cm.-1):  3600,  3500.  3400,  1640,  1600,  1575, 
1525,  1340,  1260,  1200,  1060,  1010,  910,  850,  735,  and 
695. 

A  nalysis. — Calc’d  for  Cs2B12HI0(COOH)(CONHvH-O 
(percent) :  Cs,  51.8;  B,  25.4;  H,  2.9;  C,  4.7;  N,  2.7.  Found 
(rercent):  Cs,  51.0;  B,  25.8;  H.  3.0;  C,  5.1;  N,  2.9. 

(C)  A  reaction  vessel  is  charged  with  0.5  g.  of 
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—.*1  ID  ml.  i>f  nulls tli oils  licn/.cnc.  The  mixture  is  stirred 
nnJ  .Ml  ml.  of  fu  \iily  iliied  :mil  distilled  piperidine  is 
ii.Ulrd.  A  mil.tly  exothermic  reaction  occurs  and  a  while 
solid  sep.iiaies  winch  dues  not  redissolvc  on  heating  even 
idler  j  Inrilicr  nddihon  of  10  ml.  of  benzene.  The  mixture 
IS  now  dulled,  ibe  solid  is  separated  by  filtration,  washed 
w  lii  benzene  and  dik'd  lo  obtain  difpiperidinium)  di(N- 
ptnianicihslenecarhamyl)  dccahydrododecaborate  (2~). 
The  compound  ,,  f  ut .her  purified  by  recrystaliizaiton  from 


aqueous  cibanol.  The  infrared  spectrum  of  the  compound  ,  ,  c  7,  through  the  refluxmg  solution  for  30  min- 
Shosss  major  absorption  bands  at  the  follow* i0  "“r0Be"  A3S.  »  hubbied  ,hrou?h  the 
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shows  major  absorption  bands  at  the  following  wave¬ 
lengths  (expressed  as  cm.-'):  2500,  1610,  1480,  PSO 
1160,  1035,  1025,  980.  and  685. 

A  nuly si], — Calc'd  for 


(C)  A  second  portion  of  the  mercury  salt  of  Part_A  is 
suspended  in  about  20  ml.  of  ethanol.  Liquid  bromine  is 
added  dropwise  and  with  stirring.  The  reaction  is  exother¬ 
mic  und  care  is  exercised  during  the  addition  of  the  bro¬ 
mine.  When  the  vigor  of  the  reaction  subsides  the  mix¬ 
ture  is  heated  to  reflux  temperature  and  addition  of  bro¬ 
mine  is  continued  until  an  excess  of  bromine  is  present 
as  shown  bvy  the  color  of  tlv  solit-ian*  CM-tuy  gas  is 
now  bubbled  through  the  refluxing  solution  for  30  min- 


(CiIIi.Sri,):Iti:IIMlC(0).\C]l:'CH.),C]I,l  1.SIT;0 
f percent ) :  C.  46.9;  H,  10.2;  B.  23.0;  N.10.0.  Found  (per¬ 
cent);  C,  43.5;  H.  10.3;  B.  23.0;  N,  10.0. 

EXAMPLE  42 

A  solution  is  prepared  consisting  of  0.5  g.  of 
B.:H10-2CO 

and  10  ml.  of  anhydrous  CH3CN.  To  this  solution  is 


mixture  to  remove  unreacted  halogens.  An  excess  of  aque¬ 
ous  (CH3)4NCI  solution  is  added,  the  mixture  is  heated 
to  boiling  and  portions  of  alcohol  and  water  are  added 
in  sufficient  amount  to  form  a  clear  solution.  The  solution 
15  is  chilled  and  a  solid  product  precipitates.  It  is  separated, 
dried,  extracted  with  boiling  alcohol  and  then  with  boil¬ 
ing  water.  The  residue  is  suspended  in  hot  aqueous  alco¬ 
hol  and  hydrogen  sulfide  is  passed  into  the  suspension  to 
precipitate  mercury  as  the  sulfide.  The  hot  solution  is  fil- 
20  tered  and  the  filtrate  is  chilled  to  precipitate 

[(CH3)4N]2BI3Br10[C(O)C2H5]3 

The  infrared  spectrum  of  the  compound  shows  absorp¬ 
tion  bands  at  the  following  wavelengths  (expressed  as 

n.r  — 1  \  .  uen  i  t  m  .  ,  .  A  ....  *1  


added  with  stirring  2  ml  of  freshlv  dried  C  N  NiTH  X  ll0n  ,.S  at  lhe  following  wavelengths  (expressed  as 
Th„  solution  is  wUtS  To  SMSS  25  and_720  ^  1H°’  1055>  "°’  950>  880>  845> 

for  30  minutes  and  it  h  conies  yellow,  then  green  and  pya\s  t>r  c  a  a 

finally  orange  in  color.  Acetonitrile  is  removed  by  evapo-  44 

ranon  and  the  oil  which  remains  is  dissolved  in  aqueous  (A)  llie  procedure  of  Exasnplc  43,  Part  A,  is  repeated 

ethanol.  A  small  quantity  of  aqueous  NaOH  solution  is  30  6mPl°y-ng  a  solution  of  0.5  g.  of  B,2H„,(CO)2  in  20  ml. 

added  to  make  the  mixture  strongly  basic.  An  aqueous  of  dr>’  xylene  and  2.0  g.  o,  (C6H5)2Hg.  The  mercury 

solution  of  CsF  is  added  in  excess  and  the  solution  is  sa,t  which  is  obtained  has  th,  formula 

chilled  Tan  needles  of  CsjB.jHjofCt'OjQH.NfCK,),],  zr- H,Hc)  R  H  -rimm, 

form  which  art  separated  and  recrystallized  from  water.  .  otC(0)C6H5]2 

The  infrared  spectrum  of  the  compound  shows  absorption  'ofrared  spectrum  of  the  compound  comprises  the 

bands  at  the  following  wavelengths  (expressed  as  cm.-1)-  '  following  absorption  bands  (expressed  as  cm.-1):  2500 


(A)  The  procedure  of  Example  43,  Part  A,  is  repeated 
employing  a  solution  of  0.5  g.  of  B!2H,0(CO)2  in  20  ml. 
of  dry  xylene  and  2.0  g.  oi  (C6Hs)2Hg.  The  mercury 
salt  which  is  obtained  has  tht  formula 


(QH5Hg)2B12HI0[C(O)CsH5]J 


v  - ■  •  O  -  l»n(.ivjJVU  UJ  Will.  I  , 

-500.  1600.  1560,  1530.  1300,  1250,  1185,  1170,  1120, 
1060,  1035.  945.  920.  845,  820,  746,  and  725. 

A  nuly  sis, — Calc'd  for 


CsjB^H.oiCfOJCeHsNfCHjJalj 
(percent) :  Cs.  37.8;  B.  1 8.5:  H.  4.3;  C.  3C.8;  N.  4.0.  Found 
(percent);  Cs,  35.4;  B,  18.2;  H,  4.S;  C,  30.8;  N,  4.1. 


EXAMPLE  43 


following  absorption  bands  (expressed  as  cm.-1):  2500 
1590,  1525,  1250,  1180,  1025,  845,  765,  and  690. 

(B)  The  mercury  salt  of  Part  A  is  processed  as  de¬ 
scribed  in  Example  43,  Part  C  to  obtain 

[(CH3)4N]2b13BrI0[C(O)C8H5]3 

The  infrared  sjoectrum  of  the  compound  contains  absorp¬ 
tion  bands  at  the  following  wavelengths  (expressed  as 
cm.->);  ib20,  1280,  1185,  990,  950,  850,  770,  and  705. 
The  process  illustrated  in  Examples  43  and  44  is  gen- 


inuMraieu  m  txampies  43  and  44  is  gen- 
(A)  A  reaction  vessel  is  charged  with  20  ml.  of  dry  43  eri(;  for  ,fle  preparation  of  compounds  of  Formula  1  in 
I’lene  and  0.5  e_  of  Tti-  ...  _ I  which  X  is  a  cnrhacvl  prnnn  ;  »  Itcmi  d., _ 


Na3B12H10[C(O)C4Hl)]3 


-  —  J *111.  VI  U1J  ,  ,  *  •  - r  — - -  *  viiuutu  4  ill 

x>lene  and  0.5  g.  of  Bi:Hjo(CO)2.  The  solution  is  stirred  which  X  is  a  carbacyl  group,  i.e.,  RC(O).  By  employing 

and  0.53  ml.  of  diethyl  mercury  is  added  gradually.  The  lhe  appropriate  mercurials  and  Bi2Hi0(CO)2,  compounds 

clear  solution  which  forms  is  heated  to  refluxing  and  a  Sl,ch  as  (NHJjBuHjoICTOCeHu];,, 

white  rohiL  which  is  (C2H5Hg)3BI2H10[C(O)C2H5)2,  Na2B,,H,„rC(0)C.H  1 

separates.  The  suspension  of  solid  and  liquid  is  maintained  30  _  ,]3 

a!  incipient  reflux  temperature  for  30  minutes  and  the  C^BioHiofCfOCflH^CHj];,  and  the  like  can  be  obtained. 

mixture  is  then  allowed  lo  cool  to  about  25“  C.  The  solid  tamed.  Modifications  of  the  process  can  be  made,  e.g., 

is  separated  and  washed  thoroughly  with  dry  xylene  and  other  organometallics  can  be  emploj'ed  in  place  of  the 

dry  ether.  The  washed  product  is  dried  at  very  low  pres-  oreanomercurials  as  reactants. 

sure  (about  I0-3  mm.  Hg)  at  atmospheric  temperature  33  EXAMPLE  45 


.  --  ***  ~  '  - jjp  Miss,  van  ut  Ukild/licu. 

tainea.  Modifications  of  the  process  can  be  made,  e.g., 
other  organometallics  can  be  employed  in  place  of  the 
orcanomercurials  as  reactants. 

EXAMPLE  45 

(A)  A  solution  is  prepared  consisting  of  5.6  g.  of 
Na2B.2H12''.K,0  (.025  mole),  2.82  g.  of  H3N0S03H 
(0.025  mole),  and  50  ml.  of  water.  The  solution  is  neu¬ 
tralized  to  a  pH  of  7  with  aqueous  NaOH  solution,  and 


Ana/ysIs.-C.Jc’d  for  <C2H5Hg)2B12H10[C(O)C2Hil3  00  it  is  then  refluxed  for  1.5 ’hou^The  Elution 
-Percent,:  Hg,  56.2;  B,  18.2.  Found  (percent):  Hg,  54.0;  rated  under  reduced  pressure  and  the  Residue  ”,  S 

’/d \  *  ,  with  an  aqueous  solution  of  (CH.LNCL  A  white  solid 

(B)  A  port, on  of  lhe  mercury  salt  of  Part  A  is  sus-  forms  which  is  separated  to  obtain  3  g  of  crude 
pended  in  aqueous  alcouol  and  the  suspension  is  heated  S 

to  refluxing.  Hydrogen  sulfide  is  bubbled  through  the  hot  03  (CH3)4NHBI2H;ji?H3 

liquid  and  mercury^  sulfide  precipitates.  The  mixtme  is  whim  can  also  be  w-riiten  as  (CH3)4NBi,H1iNH3  to  show 
filtered  and  lhe  filtrate  is  partially  evaporated.  The  residual  the  close  association  of  the  acidic  proton  with  the  — NH 

‘‘Zi 15  Tf  W,‘,h  -an  CXCeSS  of  a£iueous  (CH3)iNC1  substituent.  The  product  is  recrys.alHzed  four  times  from 

"  J"d  me  solution  is  concentrated  to  a  small  vol-  water  and  is  obtained  as  beautiful  white  plates.  The  in 

E™ “'ll '  c,S  ch  rt  pTl|’"t,ion  !0  “*a™"  sh°“ 

lli_ii3  j4m  j2h,3H|0[C{O)C2Hj]3.  The  product  is  sepa-  at  3240  and  1580  cm  -i  vu-u  --  /  ... 

rated  by  filtration  and  dried  as  descried  in  Part  A.  The  bands  for  the  Jodecabora.e  ««  her  charai',erlzinC 
infrared  spectrum  of  the  compuund  il him  -H.rlvJfr.  Csfcy  f„,  H  „  . 

bands  at  the  following  wavelengths  (expressed  as  cm.--) :  cent):  C,  20  8-  H  1 1  3-  R  sVq1  n  f-iv'c  1 ,  ,(P^ 

2500.  1630,  1490.  1400,  1160,  1075.  950.  and  725.  73  centi:  C.  2a2;  H,  ,1.2;’  B,’  ^  ft  n±  ^  (pCr* 


rated  under  reduced  pressure  and  the  residue  is  mixed 
with  an  aqueous  solution  of  (CH3)4NC1.  A  white  solid 
forms  which  is  separated  to  obtain  3  g.  of  crude 

(CH3)4NHB12H,.;I»:h3 

whirs  can  also  be  w-riiten  as  (CH3)4NB,2HI.NH3  to  show 

the  close  association  of  the  acidic  proton  with  the _ NH3 

substituem.  The  product  is  recrystallized  four  times  from 
water  and  is  obtained  as  beautiful  white  plates.  The  in- 
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,  n''  •)''  :,<B,eu,:s  wilution  Cs,n1JH,ICOOH  (see  Exarn- 
P'C  .IN,  I  art  A)  ix  prepared  and  there  i«  added  to  it  w  tn 
Mirring  an  excess  of  an  aqueous  solution  of  H2N0S03H. 
Ci.is  evolves  spontaneously  from  the  reaction  mixture. 
Alter  pas  evolution  tca,es,  ihc  mixture  is  chilled  and 
colorless  needles  separate  from  the  solution.  The  needles 
arc  removed  by  filtration,  washed  and  dried  to  obtain 
t  shB1:Il„NHJ  in  pure  fonn.  The  infrared  spectrum  of 
the  product  shows  characterizing  absorption  bands  as  fol¬ 
lows  t expressed  as  microns):  3.05,  4.0.  6.3,  7.1,  9.4,  9,s. 
and  I3.S.  The  compound  can  also  be  written  as 

CsD^HnNHj 


€0 

containing  reactant  of  column  1  and  the  hydroxylamino- 
O-sulfontc  acid  of  column  2,  neutralized  with  the  base 
of  column  3,  are  reacted  preferably  in  aqueous  solu¬ 
tion  at  a  temperature  between  about  60’  C.  and  100° 

.  to  give  the  product  or  products  of  column  4.  When  both 
monoaminated  and  diaminated  compounds  are  possible 
products,  i.e.,  when  either  one  or  two  amino  groups 
(NRR’)  can  be  introduced,  the  major  product  is  deter¬ 
mined  by  the  ratio  of  the  reactants.  The  acids  of  the  di- 
)0  *mino-substi»ulcd  anions  shown  in  column  4  are  obtained 
by  passing  the  sails,  bearing  cations  of  the  bases  shown 
in  column  3  through  an  acid  ioti-cxchangc  resin,  as  de¬ 
scribed  earlier. 


TABLE  in 


Column  1 


Column  ?. 


Horrn-<*oiilalultig 

irur.tanl 


Ilyfiroxylnmlne-o- 
sul/onlc  ucJd 


Column  3  Column  4 

Product  or  producls 


Neutralizing 

agent 


IMlir’.nru . JTjNOSOiH 

Ca!li:!Ii,r .  ClhN’nOSOitl 

(N’il,):3i:II,tC,Ilj), . U.-S'OSOjII 

ll»Hi:U.!OC!l:Ctt:C,Ilfc.  C,U, NJIOSOjtt 

McBi.'!i|,SC,ll, . CjHiNUOSOiII 

NhjltitII|jCi;lIy . n:.VOSOiII 

(NiiihBuniiOCiIIi . (C;tI,),NOSO,II 


NaOII 
Ca(01I)j 
MI, Oil 
Ila(OII), 

NaOII 


Na,COj 
Nil, OH 


IN'alUti.4l,CI,Ntl, 

IlIiliiill.ClitMi-), 

fCatllHuIlnlN'llun,), 

iII.Mi,ll,l(N|ICIt,), 

|Xll,llit|.|I,(C:Jlj).NIl» 

I'jljIl.lilltC.II.IttMl!)! 

j  a  ,H,,|,,f(0CnJ0I|.C.H1)NIir.Mt,), 
111:  i-H.tOCn.niiCilliHNlll.MI,), 

(•'  K|IIIIkII|((SC,II,)|-NUCiII,)|, 
fN  a  J 1 » i , 1 J  SC ,  1 1.)  t  N  H  C .  If,*/  " 

J  N  all  Hi*H  ic((-i*II;s)  (N  Hi) 

jNll,lllti!llio(OCill,)|N(CilI,)jl 
i  iiiii  nit,  (pc,  n  i)|N(Ciiii).i., 


to  show  the  close  association  of  the  acidic  proton  with 
the  — NHa  group. 

(C)  A  solution  of  67  g.  of  Na2B12H-,2-2H20  and  100 
g-  of  HjN'OSOjH  in  250  ml.  of  water  is  neutralized  by 
adding,  at  a  tcnipcraiure  below  25”  C.  a  solution  of  36 
g.  of  sodium  hydroxide  in  100  ml.  of  water.  The  solu¬ 
tion  is  heated  cautiously  until  an  exothermic  reaction 
begins  (at  about  70*  C  The  mixture  is  then  cooled  to 
moderate  the  reaction  which  continues  for  about  30 
minutes.  The  solution  is  now  cooled  to  about  5”  C.  and 
the  precipitate  which  f<  rms  is  separated  to  obtain  9  g. 
of  HjB13M|0(NKj)j  as  a  white  crystalline  solid.  Concen¬ 
tration  of  the  filtrate  ;o  about  onc-hii.”  of  its  original 
volume  and  cooling  yields  an  additional  7  g.  0f  product 
(ictcrrcd  to  as  the  second  fraction ). 

The  first  fraction  is  recrystallized  twice  from  w„!cr  to 
obtain  a  very  sparingly  soiublc  crystalline  product. 

_  — Cal’d  for  H2B|jHi0(NH-)j  (percent):  B. 

'4.6;  H,  9.3;  N,  16.1.  Found  (percent):  B,  74.8;  H,  9.2- 
N,  15.8. 

The  second  fraction  of  crystals  are  recrystallized  from 
a  relatively  small  volume  of  water  to  obtain  a  more 
soiublc  crystalline  product. 

Analyst!. — Found  (percent):  B,  74.6:  H,  8.5;  N,  15.3. 
The  two  fractions  isolated  and  purified  as  described 
above  a'c  isomeric  forms  of  HjB,2H,0(NHj)2.  The  two 
isomers  differ  in  their  solubility  in  water.  The  compound 
can  also  oc  written  as  Bi-H,o(NH3)2  to  show  the  close 
association  of  the  protons  with  the  amine  subs'ituents. 

(D)  An  aqueous  solution  of  H2B;:H,0(COOH)S  is 
mixed  with  an  aqueous  solution  of  hydroxylaminc-O-sul- 
fonic  acid.  A  gas  (C02)  is  evolved  and  a  solid  f  reerp  i'a'^s 
which  is  separated  by  filtration.  It  is  washed  and  dried 
to  obtain  H3Bl:H10(NH2)2.  The  identity  of  the  com¬ 
pound  is  confirmed  by  its  infrared  absorption  spectrum 
which  shows  charac.crizinp  bands  at  9.4U  and  10.5^.  The 
intensities  of  these  bands  are  reversed  from  the  intensi¬ 
ties  of  the  corresponding  bands  of  the  compounds  ob¬ 
tained  in  Part  C,  showing  a  different  distribution  of  iso¬ 
mers  in  the  products  made  by  the  two  methods. 

Additional  examples  of  products  of  the  invention  which 
can  be  obtained  by  the  animation  procedure  of  Example 
45,  arc  given  in  Table  III.  In  each  instance  the  boron- 


The  NHrsubstituted  compounds  can  he  N-alkylated 
y  reaction  with  alkyl  sulfates  to  obtain  compounds  of 
Formula  I  in  which  X  is  — NR2.  To  illustrate,  a  mix- 
35  ture  of  (CH3)4NHB,2H,,NHj  and  water  is  healed  to  re¬ 
flux  temperature.  DiaJkyl  sulfate  [e.g..  (CH3),S04)  and 
an  aqueous  NaOH  solution  are  added  to  the  mixture 
to  form  a  slightly  basic  solution  and  the  mixture  is  heated 
again  to  reflux  temperature.  Aqueous  NaOH  solution  and 
40  dialkyl  suhate  are  added  at  intervals  about  every  15  min¬ 
utes)  during  the  period  of  refluxing.  Finally,  sufficient 
aqueous  NaOH  solution  is  added  to  make  the  solution 
alkaline  and  the  the  mixture  is  refluxed  ar.iin  for  about 
cne  hour.  The  mixture  is  cooled  and  the  solvent  is  re- 
45  moved  for  evaporation.  The  residue  can,  if  desired,  be 
divided  into  several  portions.  The  portions  ere  mixed  with 
aqueous  solution  of  salts,  c.g.  (CH3)<NCI,  CSr,  T1N03 
and  the  like,  to  precipitate  salts  of  the  anion  B,jH,|NR^-s. 
Examples  of  salts  which  can  be  obtained  by*  the  above 
50  procedure  are  (CH^NHBuHnNfCH.O,, 

CsHGJ2H„N(C2H5)2,  T|HB,jHnN(C2H5)j 

and  the  like.  These  acid  salts  can  be  dissolved  in  aqueous 
alkaline  solutions  (e.g.,  NaOH)  and  the  alkaline  solu- 
55  Dons  can  then  be  treated  with  a  further  quantity  of  the 
salts  illustrated  above  to  obtain  normal  salts. 


EXAMPLE  46 


CO  ni-A?  ,V^DrCJ°nsiilins  of  10  E-  of  crystalline  hy- 
00  dra.cd  (H30)2BJ2HJS  and  25  g.  of  HCN  is  heated  in  a 
pressure  vessel  under  aulogenons  pressure  at  100”  n  for 
4  hours.  The  vessel  is  cooicd,  vented  and  the  reaction 

™re  ’S  •  'Wlh  n’troEe"1  Unacted 

0-,  ,  v,scous  residue  is  neutralized  with  aqueous 

CsOH  solution,  and  the  cesium  salt  which  precipitates 

to  S-atCd'  *, ,s  recrystall^-d  repeatedly  from  water 

°  mlsan/°HrM?05e  elCn1'•.^,a,  analysis  *»*ows  'hat 
p"‘u  °£  havc  c°moined  with  each  mole  of 

TO  4  so  Th"  “T"'  The  annlysts  are:  C>  4-31;  H,  5.22;  N, 

ar ihows  absorp- 

Dionne  Par,‘  A  is  rcpca,ed  five  "mes,  em- 

30  e  HCN  Th  hydcMcd  cryMoHine  (H30)2B1:H„  and 
--  h  ,rst  IS  heated  at  ICO*  C  for  4 

t  >  horns,  the  remaininfc  batehc<  m[  J  t0°  C.  JW  4 


-  -fr. 


f-/;l 


*  « 


3,551; .120 


The  non-volatile  residues  of  the  five  runs  are  combined 
and  the  combined  product  is  processed  as  described  in 
Part  A  to  obtain  99  g,  of  product  whose  infrared  spec¬ 
trum  shows  absorption  at  2.7.  3.1.  4.0.  6.1,  6.6,  7.5.  8.0, 
9.5.  9.8,  11.2,  12.0  and  13.9m.  Elemental  analyses  are  as 

rAIInnir.  /~s  £  f  .  IT  <  i  v  <  .  .  ..  _ _ 


follows1  c  Tfi  ti  J  v  N  s  i.  n  «  t  tv  j  “  .  as  5  “w«n»te  on  the  water  cooled  condenser.  A  portion 
it  PmdUCt  k  «  <*’*■>  0f.Ihe  sublimaIe  *««■**  in  6  m,.Pof  dry 


solution  of  0.5  g.  of  B,2H,(,-2CO  as  described  in  Example 
39,  After  chlorination  is  complete,  the  solution  is  evapo¬ 
rated  to  dryness  in  a  sublimation  unit  and  the  residue  is 
sublimed  at  0.003  mm.  Hg  pressure  to  obtain  0.92  g.  of 
sublimate  on  the  water  cooled  condenser.  A  portion 


.  . ,  -  |  IMS.  VUIIU  in  a 

mixtuie  containing  Cs2B:2H,0(N=CH2)2. 

CsHBnH,0(K=CH3)(NHCH3)  and  CsHB12HnNHCH3 

(C)  ApotW,  of  the  prMuct  octnlntd  in  Part  A  is 
dissolved  in  water  and  an  aqueous  solution  of  (CH-)3S1  is 
added  with  stirring.  The  precipitate  which  forms'is  sep¬ 
arated  and  recrystalhzed  to  give  a  product  which  is  pre- 
dominantly  The  acidic  proton 


CHjCN  and  a  suspension  of  0.5  g.  of  NaN3  in  5  ml.  of 
CHjCN  is  ridded  to  the  solution  with  stirring.  A  mild 
exothermic  reaction  occurs  and  a  is  The  mix¬ 

ture  is  heated  to  incipient  reflux  temperature  for  I  hour 
and  it  is  then  evaporated  to  dryness.  The  residue  is  dis¬ 
solved  in  water  and  an  aqueous  solution  of  (CH2)4NC!  is 
added  in  excess.  The  precipitate  which  forms  is  separated 
and  heated  to  boiling  with  60  ml.  of  water.  The  solid 


is  closely  associated  with  the  methylamino  group  and  the  ,,  .™l,,ne.  2,hi60  ml:  of  water-  Thc  solld 

euiupuunu  can  also  be  written  as  ’  H  „  .  1  “rt;ti;ty  af*d  to-  not  mixture  Is  ftf.cred.  The 

hltrate  is  chilled  and  a  total  of  0.45  g.  of  a  solid  pre- 
tCH3)3SB|2H]]NH3CH3.  cipitates.  The  compound,  which  is 

,  y!;,f,r/;~C?|ccin for  ^H3)3SHB1jH11NHCH3  (per-  [(CH3)4N]2nl2HCI9(NCO)2 

C,ni8.2;  H,  9.5;  S.  *12.9: S-7‘ FootJ  20  >s  separated  washed  and  dried.  Its  infrared  spectrum 

(D)  A  second  portion  of’ the  product  obtained  in  part  filfoTh  •  "i™!™  ab,s°rfIion  ba"ds  a‘  ,he  following  wave- 

A  is  dissolved  in  water  and  an  aqueous  solution  of  TINOj  1060  945  xP5 5*^175 :  “3°°'  I7°°’  I480,  ,280, 

scr'?bedddinWpartSlorlto'  o^ain" rlm% ‘  NH^ m  Co  fo"r  "CH3)tN|B15HCI5fNCO)5  (per- 

show  the  association  of  the  IIchKK^  25  Cl.  46  8:  N.  8.2.  Found 


■  ,  - -  -  «-»j  (iw 

show  the  association  of  the  acidic  proton  with  the  amine 
substituent)  TIB,jHnNH2CH3. 

A nalysis. — Calcd.  for  TIHBJ2H„NHCH3  (percent):  C, 
3.2;  H,  4.2;  N,  j.b.  Found  (percent):  C,  3.9;  H,  3.6; 
N,  4.4. 

1°  e.  A  grated  Cl>stuft;nc 
(HjOlsBjjHjj  and  20  g.  of  HCN  is  hen ted  in  a  pressure 
vei  el  uitder  pre^ure for  4  hours  ai  bo-&3ft  C. 

The  reaction  mixture  is  processed  as  described  in  part  A 


(percent):  C,  17.6;  H.  4.1;  B,  19.2;  Cl,  45.6;’ N/TO. 

EXAMPLE  48 

A  suspension  or  I (CH3)4N'l2B1,H1„(NCO)j  i.t  abso- 
30  lute  ethanol  is  saturated  with  dry  hydrogen  chloride.  Heat 
is  cioTved  a.iu  .he  sonu  dissolves.  Alter  Hie  heat  of  the  re¬ 
action  subsides,  the  clear  solution  is  cvapora'rd  tu  dm. 
ness  and  me  residue  is  dissolved  in  water.  Sufficient 
aqueous  solution  of  (CH3)4NOH  is  added  to  the  dear 


‘  ,14  uH wiuuun  OI  JS  added  to  thr  rlp'ir 

ml*!“re>  The  mixture  Is 


x,  .*  -  ’  — - -  -uuiutiun.uijUl.UU3  __  _ 

ma|h^?.Uxrn'aAntaqUCOUSx5(ro  Cs-F  solution  is  addcd  evaporated  to  dryness  and  the  soiid' ’residue  is ‘dissolved 

is  ^  t^hI50  U  n  nd  • hC  reS'Um  Sa,t  Which  5cpa‘  in  ll0t  clhano1  containing  a  small  quantity  of  water  The 

rates  is  purified  by  crystallization  from  water.  Elemental  hot  solution  is  chilled  to  obtain  a  crystalline  product  which 

^ggest  that  the  compound  is  principally  is  separated  to  yield  0.5  g.  of  ? 

CinBjjHjih^CHj.  4Q 

Analysis. — Calcd.  for  CsHB12H„N==CHj  (percent):  [(CH3)4N|;B12H,0[NHC(O)OC2H5J2 

C,  4.0;  H,  3.1;  N,  4.6.  Found  (percent):  C,  4.3;  K,  4.4;  The  infrared  spectrum  of  the  compound  shows  major  ab- 

’  .  sorption  bands  at  the  following  wavelengths  (expressed 

(F)  A  portion  of  the  above  product  is  dissolved  in  35  cm.-'):  3380,  2460-  1700,  1460  133C  1300  PRO 

water  and  the  solution  is  passed  through  a  column  filled  43  3205.  1160,  1090.  1055.  1020,  1010,’965  950  890'  87o’ 

with  a  sodium  ion-exchange  resin.  The  aqueous  effluent  is  825,  795-  780,  725  and  860. 
mixec  with  (CH3)4NCI  and  (CH3)4NOH.  The  precipitate  Analysis. — Calcd.  for 

is  separated  and  purified  as  described  earlier  to  obtain  rrpH  INIRH  rvur/mne  u  , 

the  tetramethylammonium  acid  salt.  ^  3i'4N]2B,jHio(NHC(0)OC2H5]2 

Analysis.  Calcd.  for  (CH3)4NHB,2H„N=CH2  (per-  30  fperccn,):  C.  36.2;  H.  1 0. 1 ;  B,  27.9;  N,  12.1.  Found  (per¬ 
cent);  C.  25.8;  H.  10.0;  N,  13.5.  Found  (percent):  C,  cent) :  C,  36.3;  H,  10.4;  B,  28.2;  N,  12.2. 

26.1;  H.  10.9:  N.  11.6.  The  Drecedine  examnlpc  illnctmtA  Kr.xnrit»  « u -  ...t _ 


26.1;  H.  10.9;  N,  11.6.  ’ 

EXAMPLE  47 

<A)  A  solution  of  1.4  g.  of  Bl2H10-2CO  in  30  ml.  of  53 
acetonitrile  is  added  with  stirring  to  a  soljtion  of  1.5  g. 
of  sodium  azide  in  50  ml.  of  acetonitrile  Nitrogen  gas 
(350  ml.)  is  evolved  rapidly.  After  gas  evolution  has 
ceased,  the  reaction  mixture  is  filtered  and  the  filtrate  is 
evaporated  by  a  stream  of  air  until  a  viscous  syrup  rc-  t;o 
mains.  The  syrup  is  diluted  with  water  and  an  aqueous 
solution  of  (CH3)4NCI  is  added  with  stirring.  A  white 
ptecipilate  forms  which  is  separated  to  obtain 

l(CH3)4N)2B12H10(NCO)2 

The  product  is  recrystallized  from  wat'.r  to  yield  2.3  g.  ” 
of  white  crystalline  compound  of  Formula  1  bearing 
isocyanate  substituents. 

Analysis. — Calcd.  for  r(CH3)4NJ2Bl;H10(NCO),  (per- 

I  V  •  D  74  OO.  T  *1  -I/1  1  r  0  n  .  .  ,  _  *  * 


The  preceding  examples  illustrate  broadly  the  substitu¬ 
tion,  replacement  and  metathetic  reactions  which  the 
B,2H,2-J  anion  undergoes,  employing  techniques  which 
55  are. m  ™ny  cascs  appropriate  for  elTecting  replacement  of 
hydrogen  bonded  to  carbon  of  a  benzene  nucleus.  The 
substitution  reactions  used  for  carbocyclic  aromatic  com¬ 
pounds  may  be  employed  or  modifications  of  these  re¬ 
actions  can  be  used.  Versatile  inlermcdiates,  illustrated  in 
tit)  th®  examples,  are  employed  in  many  cases.  Thus,  dode- 
caborme  derivatives  bearing  suifo  groups  (— SO-,H)  may 
be  obtained  by  reacting  dihydrogen  Jodecahydrtxlode- 
cabo-ate  (2  )  w-th  a  sulfonating  agent,  c.g.,  chlorosul- 
fontc  acid,  liquid  sulfur  trio.vide,  fuming  sulfuric  acid 
05  aRd  thc  *'8c.  The  sulfo-substituted  products,  e.g., 

H2B:!H„S03H 

can  be  neutralized  with  bases  or  basic  salts  (NaOH 
Na:C03,  N’H4OH,  NHjNH2,  and  the  like)  to  obtain 


cent):  B,  34.88;  C,  3 W-  H  9  21- \  15  05  Fn„nH  NH2NH2.  and  the  like)  to  obtain 

-):  Bi  <p  ••  £r,S?4S 

The  infrared  absorption  spectrum  of  the  comround  sulfnnlc  i2HuS03NH3NH2.  Compounds  bearing 

shows  a  strong  band  at  4.31  rrie.tJW,  Cfwrmw’  tfe  ^  ,can  be  reacIcd  Wlth  phosphorus  haliuev 

-NCO  group.  t.^..  kC.5,  R  o^a.n  products  oearing  sulfonyl  chloride 

<B)  Gaseous  d.,0,™  is  bubbled  ,b,ouSh  K 


■wura , 


3,551,] 


uu 

amines  to  obtain  products  bearing  sulfamyl  groups,  c.g., 
(NH4)2B12H„S02NH2am» 

[(CH3)2NH212B12H„S02N(CH2)2 

Compounds  bearing  amine,  hydroxyl  and  isocyanate 
groups  have  been  described  in  the  examples.  The  substitu-  0 
ent  groups  in  these  compounds,  i.e.,  the  — NHj,  — OH, 
and  — NCO  groups,  undergo  the  same  or  similar  types 
of  reactions  as  their  counterparts  in  organic  chemistry. 
Thus,  the  organic  chemistry  of  aromatic  amines,  phenols 
and  isocyanates  can  be  applied  to  the  corresponding  boron 
compounds  to  obtain  a  bread  range  of  products  bearing 
desired  substituents  To  illustrate,  a  compound  bearing 
— NHj  groups  can  be  reacted  with  (1)  ar.  isocyanate  to 
form  products  having  ureido  or  ureylene  substituents,  jg 
e.g.,  Na,BrH10(NH2)2  is  reacted  with  C6HsNCO  to  form 
Na2B12H10[NHC(O)NHC6H.,.'2,  (2)  with  isothiocyanates 
to  obtain  products  bearing  thioureido  or  thioureylene 
groups,  Na2B.~H1o(NH2)2  ca*  be  reacted  with  C3H5N’CS 
to  obtain  Ka2B12Hio[NHC(S)NHC3H5]2,  (3>  with  sul-  20 
fonyl  chlorides  to  obtain  products  which  bear  sulfamino 
groups,  e.g.,  Na2B12Hio(NH2)2  can  be  reacted  with 

QHiSOjCl 

to  obtain  Na2B12H10(NHSO2C6Hs)2,  and  (4)  wiih  ox-  23 
irui.eo  tu  obtain  l.ydrosytiydfortt  ’V"'1 "  -  "  "V  i 

compounds,  c.g.,  Na2B12H>j(NH2)2  can  be  reacted  with 
glycidol  to  obtain  Na-B12H10[N'-iCH2CH(OH)CH2OH]2. 

The  amino-substituted  dcdecaborates  can  be  reacted, 
as  described  earlier,  with  acid  anhydrides  or  carbacyl  30 
halides  to  form  compounds  having  amide  groups  bonded 
thiuiii.li  the  nitrogen  to  the  dolecaboiate  anion,  Tc  illuv 
irate,  H2B12HlQ(NH2)2  can  be  reacted  with  acetic  an¬ 
hydride  to  form  H2Bi2H10[NHC(O)CH3)j,  with 

CeH5C(0)Cl  33 

*0  fetm  H^E^F^  J  NHf  {U  IT ^  ,he  like; 

As  further  illustrations,  compounds  of  the  invention 
which  bear  — OH  groups  can  be  reacted,  as  described 
above  for  the  amine-substituted  compounds,  with  isocya-  40 
nates,  isothiocyanates,  carbacyl  halides,  carbamyl  halides, 
sulfor.yl  halides  and  oxiranes  to  obtain  products  which 
bear,  e.g.,  N-substituted  carbamoyloxy  groups 
(hNHf'(O)O —  and  R2NC(OIO— • 1 

N-substituted  thiocarbamoyloxy  groups  [RNHC(S)0 —  4j 
and  R2NC(S)0— ],  hydrocarbonyloxy  groups 

[RC(0)0 — ] 

sulfonyloxy  groups  [RS(0)20 — ]  and  hydroxyl-bearing 
ether  groups.  To  illustrate,  by  reading  CsjB13HuOH  (1) 
with  C2H5NCO,  the  compound  Cs2BI2HnOC(0)NHC2Ks 
can  be  obtained,  (2)  with  CeH5NCS,  the  compound 
Cs2Bl2H„OC(S)NHCcH5  can  be  obtained,  (3)  with  ace¬ 
tyl  chloride,  the  compound  Cs2B12Hi;0C(0)CH3  can  be 
obtained  (4)  with  CH3C(.H4S02CI,  the  compound 

Cs2B12Hl:OSO:C8H4CH3 

can  be  obtained  and  (5)  with  ethylene  oxide,  the  com¬ 
pound  Cs2Bi2HhOCH2CH2OH  can  be  obtained. 

The  preparation  of  compounds  bearing  from  1-12  hy-  00 
droxvl  groups  was  Illustrated  earlier  in  the  examples. 
These  products  provide  a  fertile  source  of  leagenls  to 
obia.ii  LOiii|j0uiids  of  Fum  ula  f  frttn  I  la 

stituents  by  reactions  which  have  been  described  above. 

C  ompounds  of  Formula  1  in  which  X  represents  one  or  03 

more  _ NCO  groups  can  be  leaded  with  alcohols,  met- 

captans  ammonia,  amines,  and  the  like  to  obtain  products 
bearing  — NHC(0)0R,  — NHC(0)SR,  —  NHC(0)NH2, 

— NHC(0)NHR,  — NHC(0)NR2i  and  like  substituents. 

The  nitro-subslituted  dodccaborate  compounds  can  be 
reduced  with  hydrogen  to  amino-substituted  dodec- 
aborates,  i.e.,  compounds  of  the  general  formula 
MmlB)jH12_yfNH2)y1i.,  where  M,  a,  b  and  y  arc  defined 
as  in  Formula  1.  Conventional  processes  employing  non 
and  a  mineral  acid  a.c  sat . .ifset.Ty  !wT  kt  1  .e  rtfs&K-  1 ' 


tion  step.  To  illustrate,  by  reduction  of  the  appropriate 
nitro  derivative,  there  can  be  obtained 

(NH4)2B12Ci6(NH2). 

Na2B|2Ho(NH2)6,  Cs2B12H9(NH2)2,  [CCH3)4]2H,iNH2. 
and  the  like. 

Acids  of  the  formula  H2B!2H|2_yXy  are  obtained  as 
desciibed  earlier,  most  conveniently  by  contacting  an 
aqueous  solution  of  a  dodeeaborate  (2~)  salt  with  an 
acid  ion-exchange  resin.  The  hydrogen  ions,  i.e.,  (H+)2, 
are  considered  to  be  hydrated  in  aqueous  solution  and  they 
are  generally  referred  to  as  hvdronium  ions,  i.e.,  (H30+)2. 
The  terms  ‘l.ydiogtti  ion"  ar.d  “hyJtoiwjTn  ion,”  ate  em¬ 
ployed  herein  in  their  generic  sense  as  defined  on  p.  26  of 
"Nomenclature  of  Inorganic  Chemistry — International 
Union  of  Pure  and  Applied  Chemistry”  which  was  referred 
to  earlier. 

In  the  operation  of  this  process  for  preparing  acids, 
aqueous  or  methanol  solutions  of  dodecaboratc  (2“)  salts 
arc  passed  through  a  column  filled  with  an  acid  ion- 
exchange  resin  of  the  crosslinked  polystyrenesuifonic  acid 
type,  hese  resins  are  available  commercially.  The  aqueous 
or  alcoholic  effluents  are  solutions  of  the  free  acids.  Care¬ 
ful  concentration  of  the  solutions  and  intensive  drying  of 
the  liquid  residues  under  low  pressures  and  at  moderate 
temperatures  usually  yields  tne  acids  as  crystalline  hy¬ 
drates.  However,  for  most  purposes,  it  is  convenient  to 
use  the  acid  in  aqueous  or  alcoholic  solutions  and  the  acids 
are  preferably  stored  in  solution.  By  using  the  proces-  as 
described  above,  the  following  acids  can  be  obtained  frem 
the  named  representative  dodccaborate  salts. 

Dodecaborate  salt:  Acid  obtained  in 

[(CH3)4N]jB,2H3Cl,  aqueous  solution 

(OH  )2 _ _ _ H2BI2H3CI7(OH)2. 

E^M3)4N;ib1,ci.(OH'3 . 

Cs2BI2H,o(OC3H7)2 . H2Bi:H10(OC3H,)2. 

CsiBiihiiS02CeHs - HB12HnS02C6H5. 

Cs2B12K8CI2(CN)4 - H2B12H6CI2(CN)4. 

Cs,R,,H4C17SH _ H2B12H4C17SH. 

Cs2B)2H8F4  . — . h2b12h8f4. 

[(CH2)4N]2B12H„CI - h2bI2huci. 

Cs2B|2CI|2 - H2B,2CII2. 

[(CH3)3bl2Bi2H6Br8 . H2BI2H8Br,;. 

Cs2BI2Br„OH . H2Bi2Ei„OH. 

[(CH3)4N]2B12B'I2 . H2B12ErI2. 

Cs2B12Tj2 - H2B12I,j. 

Cs2Bi2HnSCH3 - H2B12H„SCH3. 

CsiBkHiiCjHji  - - H2B12Hnv  8Hh. 

Cs2BrHl0[C(O)NH23a  —  H2B12H10LC(O)NH2]2. 
[(CH3)4N]2BI2CIio  , 

(COOH)2  — . H2B,2C1jo(COOH)2. 

[(CH3)4N]2Bi2H10 

[C(0)0CH  h _ H2B,2Hio[C(0)OCH3]2. 

Cs2Bi2H,o(CN}2 . H2B,2H,o(CN)2. 

Cs2B12HI0(NH2)^  . . H2B12H1c(NH2)2. 

CsjBrH,0[N(Cli3)2]2 - H2B!2Hm[N(CH3)2]2. 

Cs3B12H2BrI0  — . H2BI2H2BrI0. 

MUal  salts  of  the  invention  can  be  prepared  by  neu¬ 
tralization  of  the  acids,  obtained  as  described  above,  in 
aoueous  or  alcohol  solution  with  an  aqueous  solution  or 
ImiBUltc  base,  e.".,  an  alkali  or  alkaline 
earth  metal  hydroxide.  The  resulting  aqueous  solution  of 
the  metal  salt  of  the  (Bi2H|2_yXy)-2  anion  is  concen¬ 
trated  by  evaporation  of  water  or  alcohol  un''1  ,h“  salt 
crystallizes  out.  In  many  cases  the  salt  may  precipitate 
during  its  preparation  and  evaporation  of.  the  solution 
is  not  necessary.  The  crystalline  salt  is  dried  under  re¬ 
duced  pressure,  e.g.,  0.1  mm.  of  mercury,  and  moderately 
elevated  temperature,  e.g.,  50-100°  C.  The  metal  salts  fre¬ 
quently  contain  water  of  hydration  which  can  be  removed 
by  heating  for  several  hours  at  a  temperature  of  about 
200’  C.  under  lov.  pressure,  e.g.,  0.1  mm.  of  mercury  or 
tOlhCl' 


’  \ 


3,551; 


Water-insoluble  heavy  metal  sales  of  the  acids  can  be 
prepared  by  lidding  a  water-soluble  heax-y  nielnl  suit,  e-St 
silver  nitrate  or  mercuric  nitrate,  to  an  aqueous  solution 
of  the  boron-conlaining  acid.  Silvei  salts  can  also  be  ob¬ 
tained  by  shaking  aqueous  solutions  of  the  ucids  witn  f 
frcvfily  prepared  silver  oxide.  The  .icavy  nielnl  sails  pre-  ■* 
cipitaie  as  while  or  light-colored  solids.  The  suits  thus 
obtained  arc  usually  anhydrous. 

Nitrates,  earbonaics.  chlorides,  or  oxides  of  ntetaii 
can  be  used  lo  piep.ne  the  sidtn  hy  the  methods  desenbed 
tatitef.  Organic  b  i*x.  c  g-  atT  ‘  U lra-suhx"t tiled  am¬ 
monium  h>dioxidc.t,  phosphonium  Hydroxides,  sulfoimim 
h\ dioxides,  aisoniuni  hydroxides  or  halides,  stihomum 
hvdroxidcs  or  halides.  aryldia7onium  hydroxides  or  ha¬ 
lides.  ammo  acids  (c. glycine),  esters  of  ammo  acids.  15 
and  similar  types  of  oases  can  be  employed.  Heterocy¬ 
clic  bases,  e  g.,  pyridine,  quinoline,  a,a'-dipyridyl,  P'?cp- 
ziac.  pyrrolidine,  phcnaeinc.  morpholine,  thiamorpholire 

and  the  like,  are  opci  able  to  form  salts. 

The  following  table  illustrates  teprcsenlali'V  salts  wh«  h  -0 
can  be  obtained  by  neutralizing  the  acids  with  a  base  or 
Ilr  ial*  ib  >.i'itwn*r  solution  f  fable  IV): 


HCF2(CF2)7CH3OH 

to  obtain  fiuoroalkoxy  substituted  dodecaborates,  e.g., 
H2Bi2H10[OCH2(CFj)5CF3]j 
H2B12H„OCH2(CFs)3CF2H 
H:B,2H10[OCHj(CF2)5CF2H)j 
Li2B12H„CH(CH2)C,H5,  CaB-2H„C,H„  SrB12II2 

and 

H2BIjH„OCH2(CF2),CFjH 

FulychlotoficWt'.Moroalkanolx  can  bn  enplvyrd  i  :  the  •  e- 
action,  e.g.,  CIFjCCFjCFCICFjCF-CHjOH,  to  obtain 
H2B,jHuOCH2CF2CF2CFCICF2CFjCI.  Mono-cyano  sub¬ 
stituted  compounds  can  be  obtained  by  contacting  the 
crude  reaction  product  obtained  in  Example  E  with  liquid 
ammonia  to  prepare  Cs2B!2H]iC(0)NH2  and  dehydrating 
tile  monoamide,  as  described  in  Example  37,  part  A,  to 
obtain  Cs2B12HnCN.  Reaction  of  this  compound  with 
C6  H 5CH2SSC H iCoH,-..  as  described  in  Example  8,  part 
A,  will  yield  Cs2B12Ha(SCH2C6H5)2CN,  a  compound 
which  can  then  be  brominated  as  described  in  Example 
3,  part  C,  to  obtain  CsjBuH^rnfSCHaCnHJaCN. 
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The  process  described  above  and  illustrated  in  the  «- 
amplcs  aie  generic  for  he  preparation  o  compound^f 
the  invention  as  defined  by  i-onnula  1 .  The  pi occsses  can 
be  used  alone  or  in  combination  to  obtain  Htc  desired 
Products.  For  example,  112S  can  be  reacKd h  as  tog 
in  Example  36;  wilh  hydraied  H,3Bi2HRCI4  to  ob-in 
1T2B,:'h/|.(SH)2.  wilh  IWUfOH),  to  obtain  a  mix- 
ture  of  tl.iol-substiititcd  compounds,  e.g. 

HjB12II4(OH)4(SH)4  and  H2B,2H,(OH)4(SH)f 

-  H  R, -ll,nt 00)3)3  to  obtain  1i2Bi2!I|i(SH)2|UL.Hj)j. 

Similarly.  hydrated  H2B12H12  can  be  reacted  as  described 
.  fn  kxample  13.  pans  D  and  E.  w.w  long  chain  a,«-dt- 

hydro-  and  w,a,a-trihydroperfluoroalkanols,  e.g. 


Further  examples  which  illustrate  the  products  obtained 
by  the  described  processes  are 

[(C2H6)3NH]2B12H8F8,  Ag2BI2FI2,  CsjB12F12 
ZnBI2Cl12-7H20,  [(C5H13)4N]2B12C112 
(HjO)2B12H2Br10-6H2O,  (H3O)2B12H2Br10-4H2O 
Na2B12Cl!a(COOH)2,  KjBjjCl^fCOOHJj 
RbjBI2ClI0(COOH)2,  Na2B12Nnj(NCO)3 
Li2B13H„CH(CH3)C6H5,  CaB12H„C3H7,  SrB12T13 


CF3(CF2)5CH2OH 

HCF2(CF2)3CH2OH 

HCFj(CF2)5CH2OH 


HgBi2Br,2 

The  illustrations  in  the  preceding  paragraphs  demon¬ 
strate  the  generic  nature  of  the  processes  and  their  ver- 
70  satility  to  obtain  a  wide  range  of  products  which  fall 
within  the  scope  of  the  compounds  of  the  invention. 


Utility 

The  invention  provides  a  broad  class  of  new  boron 
75  compounds  which  find  applications  in  many  fields 
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The  compounds  of  the  inversion  are  generically  useful 
is  components  of  fireworks  compositions  to  impart  a  pleas¬ 
ing  color  and  sparkle  to  the  display. 

Mach  compound  within  the  scope  of  Formula  1  con¬ 
tains  an  anion  which  has  boron  as  a  common  component. 
The  presence  of  this  element  imparts  a  green  color  to 
a  fireworks,  rocket  or  flare  display.  The  compounds  of 
the  invention  can  have  a  wide  range  of  cations,  desig¬ 
nated  as  M.  and  it  is  thus  possible  to  provide  a  broad 
range  of  colors  tn  any  display  or  flare  ly  choice  of  lire 
appropnale  cation.  The  compounds  of  the  invention  can 
be  used  in  combination  with  oxidizing  agents,  e.g.,  lithium 
perchlorate,  sodium  nitrate,  potassium  permanganate, 
strontium  peroxide,  manganese  dioxide,  and  the  like,  to 
provide  the  desired  propulsive  etTcct  and  color.  The  fol¬ 
lowing  combinations,  in  which  the  boron-containing 
compounds  can  be  from  5-25%  by  weight  of  the  compo¬ 
sition,  are  illustrative  of  compositions  svhich  car,  be  used: 

CsiBjjHioKj — NaNOj.  NajB12H6Brs — LiN03 
CsjB|jH|olj — UNO},  Cs-B;,H4(OH}0— SrNOj— NaN03 
CxsBjjH;  jOCHj — KCI04 
Cs.B„H„SO,C,H,— KMnO,— NaNOj 
l(CHj)«N  MlpHitNO] — NH4N03 — KNOj 
rwB,2H,CI:tCN)«— NH4h'Oj— LiCIO« 
TIjB,:H|oIC(0)OT11j—  NaNOj—  SrNOj 
CsjUuHulCfOfNHjlr— MnOr— NH4N03 
(CHj )4N  l-B,-M,0| C( OlOCHjIi — NaCi04Mn02 
1(CHj)4N  IjBijUijINCO); — NaNOj — KN03 

and  the  like.  These  eximnles  arc  not  limiting  but  are 
illustrative  of  types  of  compositions  which  are  possible 
for  use  in  the  above  held.  Other  ingredients  can  be  and 
frequently  are  present  in  these  combinations,  e.g.,  carbon 
and  sulfur. 

The  compounds  of  the  invention  are  useful  in  the 
field  of  high  energy  fuels.  For  this  purpose,  partially 
substituted  compounds  are  preferred,  i.e.,  compounds 
having  one  to  live  substituents  on  the  dodecarborate 
anion.  The  compounds  can  be  used  in  combination  with 
oxidizing  agents,  e.g.,  r.itric  acid,  fluorine  oxide  and  the 
like.  They  can  be  used  in  solution,  in  hydrazine  or 
N.N-dialkyl  hydrazines,  e.g.,  N,N-dimethylhydrazine. 
To  illustrate,  combinations  which  can  be  employed  in¬ 
clude  HjB.jHulCfOlNHrlj  in  N,N-dimethylhydrazine, 
(NHjNHjIjBjjHhOH  in  hydrazine  and  the  like.  The 
acids  in  the  above  examples  form  bydrazinium  saits  in 
solution  tnd  they  ate  not  present  as  the  free  acids.  In 
compositions  as  described  above  the  dodecaborate  salt 
can  be  present  in  from  about  5-50%  by  weight  of  the 
solutions. 

The  compounds  of  the  invention,  exclusive  of  the  fully 
halogenated  product:,  are  useful  as  impregnating  agents 
in  the  preparation  of  resistors.  To  illustrate,  a  section  of 
a  cotton  string  is  immersed  in  a  nearly  saturated  solution 
of  NjjEullnCHfCHjlj  in  aqueous  alcohol.  The  string 
is  withdrawn  from  the  so  t.tion  and  the  solvent  Is  re¬ 
moved  by  drying  in  air.  A  free,  flame  is  applied  to  the 
dried  impregnated  string  ar:d  it  burns  to  yield  a  co¬ 
herent  ash  which  in  size  and  shape  resembles  the  original 
string.  The  residual  skeleton  is  of  sufficient  coherence 
to  permit  embedding  in  parraffin.  The  section  of  residue, 
so  treated,  shows  a  resistance  of  about  300  ohms/cm. 
The  residue  from  the  control  section  of  string  is  very 
small  and  shapeless  and  it  cannot  be  handled. 

Highly  halogenattd  compounds,  e.g.,  the  salts  of 
UjjBr,;  anion,  are  useful  as  impregnating  agents  for  re¬ 
tarding  the  combustion  of  ceilulosic  products.  To  il¬ 
lustrate,  filler  paper  which  has  been  treated  with  aa 
aqueous  solution  of  (NH4)2B,2Br12  and  dried,  does  not 
burn  freely  when  touched  with  a  free  flame. 

The  nitrated  and  nitroso-substituted  compounds  are 
useful  as  explosives  or  detonating  agents. 

In  the  group  of  compounds  which  fall  within  the  scope 
of  Formula  1,  the  component  M  represents  a  range  of 
gioups  which  are  readily  tihcrcftoa ; 6cal  1  e  by  u,itatl*wiie 
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reactions  as  described  earlier.  All  of  the  salts  which  fall 
within  the  scope  of  Formula  1  can  be  used  to  prepare 
the  group  of  acids  represen  xd  generically  as 

H2Bl2H|3_yXy 

“  or,  in  aqueous  solution,  as  (HjOJjB^Hji.yXy  by 
passing  aqueous  or  alcoholic  solutions  of  the  salts 
through  an  addiction-exchange  resin  as  described  earlier. 
The  acids  of  this  group,  exclusive  of  compounds  in 
which  X  is  an  (poup,  are  strong  acids  and  they 

lu  are  useful  in  industrial  applications  where  it  is  desired 
to  avoid  contamination  from  sulfate,  chloride,  bromide, 
chlorate,  phosphate,  and  like  strong  acid  anions.  Thus, 
the  acids  are  useful  for  etching  metals,  such  as  steel, 
and  for  rust  removal,  for  pickling,  for  scale  removal  and 
for  similar  metal  processing  operations. 

The  acids,  described  above,  are  useful  as  catalysts 
in  the  preparation  of  esters,  e.g.,  in  the  reaction  of  alco¬ 
hols  and  organic  carboxylic  acids,  to  improve  the  yields 
20  of  the  desired  esters.  The  acids  of  the  invention  are  em¬ 
ployed  for  this  purpose  in  the  same  manner  as  p-loluene- 
sulfonic  acid,  sulfuric  acid  or  alcoholic  hydrogen  chloride. 

Aqueous  solutions  of  the  acids  are  generically  useful 
as  agents  for  absorbing  noxious  basic  materials  from 
25  the  air,  e.g.,  traces  of  ammonia,  lower  alkyl  amines  and 
the  like.  To  illustrate,  air  contaminated  with  methyla- 
mines  is  passed  throuch  an  aqueous  solution  of 
H2B12t;t:(OH)2,  H2B|2Hi~o(OCH3)j,  H2B12C11s,  and  the 
like,  and  the  amines  are  removed. 

30  The  acids  and  many  of  the  salts,  particularly  the  alkali 
metal  and  alkaline  earth  metal  saits,  are  useful  as  se¬ 
questering  agents  for  hca  1  metals.  Thus,  a  mixture  of  hy¬ 
drocarbons  in  the  boiling  range  of  gasoline  which  contains 
a  copper  salt  of  an  organic  acid  (copper  stearate),  is 
35  thoroughly  agitated  with  aqueous  ammoniaca!  solutions  of 
any  of  the  alkali  metal  or  alkaline  earth  metal  salts  of  the 
anion  (B12H]2_yXv)~2,  e.g.,  Cs2B12HnS02C6H5, 
Na2B]2Hio(OH)3 

4!)  The  new  compounds,  particularly  the  acids,  alkali 
and  the  like.  The  hydrocarbon  layer,  which  is  separated 
from  the  aqueous  -cogent,  is  completely  free  of  deleterious 
copper  salt. 

The  new  compound,  particularly  the  acids,  alkali 
metal,  alkaline  Cirth  metal  and  ammonia  salts,  are  use- 
•*3  ful  as  sequestering  agents  for  metals  in  aqueous  media. 
Thus,  copper,  nickel,  cobalt,  zinc  and  cadmium  are  re¬ 
moved  from  aqueous  solutions  of  salts  containing  these 
metals  by  mixing  the  solutions  with  ammoniacal  solu¬ 
tions  of  the  acid:  and  alkali  metal,  alkaline  earth  metal 
30  and  ammonium  salts. 

The  substituted  ammonium  salts  aod,  in  general,  all 
of  the  nitrogen-base  salts  as  well  as  phosphonium  and 
sulfonium  salts  are  useful  in  the  field  of  sequestering 
agents  to  remove  undesirable  metals  from  aqueous  or  hy- 
33  drocarbon  media. 

To  illustrate,  a  mixture  of  hydrocarbons  in  the  boiling 
range  of  gasoline,  which  contains  in  solution  a  copper 
sait  of  an  organic  add  (copper  stearate),  is  thoroughly 
agitated  with  an  cquccus  amomniacnl  solution  of 
fit) 

NaBi2HjClio 

The  hydrocarbon  layer,  which  is  separated  from  the 
aqueous  reagent,  is  completely  free  of  the  deleterious  cop¬ 
per  salt.  Similar  results  can  be  obtained  employing 

05  [(CH3)4N]5B12Hl0[OC(O)H]3 

Csj8i3Hi  iOCH2CH3OCH3,  and  the  like. 

The  compounds  of  the  invention,  especially  in  the  forra 
of  salts,  are  useful  as  surface-active  agents,  particularly 
70  as  wetting  agents.  To  illustrate,  a  glass  surface  coated  with 
a  film  of  a  silicone  is  not  W'etted  when  brought  into  contact 
with  water.  The  addition  of  a  small  qauntily  of  dicer.ium 
cyclohexylundeeahtdrododecaborate  to  the  water  results 
in  immediate  wetting  of  the  glass  surface,  i.e.,  the  treated 
75  S-Tdvf  .-pl  eads  raj  ally  Vex  the  Stilfacw  *A  i],e  glass. 
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The  silver  sails,  i.c.,  the  compounds  of  Formula  1, 
where  M  is  Ag,  are  sensitive  to  light  and  they  are  useful 
in  the  photographic  arts.  To  illustrate,  the  cesium  salt, 
Cs2B12Hn0C(0)H,  is  reacted  with  silver  uitrate  to  ob¬ 
tain  Ag2B|2Hn0C(0)H.  An  alcoholic  solution  of  the  , 
silver  salt  is  prepared  in  subdued  light  and  a  strip  of  pure  “ 
cellulose  sheet  is  immersed  to  half  its  length  in  the  solu¬ 
tion.  The  strip  is  removed  and  dried  in  the  absence  of 
light.  When  exposed  to  light,  the  treated  portion  of  the 
strip  turns  dart;,  while  the  untreated  portion  is  not  affected.  j0 
The  foregoing  detailed  description  has  been  given  for 
clearness  of  understanding  only  and  no  unnecessary 
limitations  are  to  be  understood  therefrom.  The  invention 
is  not  limited  to  the  exact  details  shown  and  described,  for 
obvious  modifications  will  occur  to  those  skilled  in  the  jj 
art. 

The  embodiments  of  the  invention  in  which  an  ex¬ 
clusive  property  or  privilege  is  claimed  are  defined  as  fol¬ 
lows: 

1.  A  compound  of  the  formula  Ma(B12H]2_vXj)b 
wherein  ,Vi  is  a  cation  having  a  valence  of  1—4;  X  is  a 
monovalent  element  other  than  hydrogen,  or  a  radical, 
said  X  being  capable  of  bonding  to  the  carbon  of  a 
benzene  nucleus  by  replacement  of  a  hydrogen  bonded 
to  said  ca-fcon;  and  when  more  than  one  X  group  is 
present  the  X’s  can  be  different;  y  is  a  positive  whole 
number  of  1  through  12,  inclusive;  and  a  and  b  are  posi¬ 
tive  whole  numbers  of  1  through  3,  inclusive. 

2.  A  compound  of  claim  1  wherein  X  comprises  halo¬ 
gen.  30 

3.  A  compound  of  claim  1  wherein  X  comprises  hydro¬ 
carbon. 

4.  A  compound  of  claim  1  wherein  X  comprises  acyl. 

5.  A  compound  of  c’aim  1  wherein  X  comprises  nitro.  «_ 

6.  A  compound  of  claim  1  wherein  X  comprises  amino.  '  ° 

7.  A  compound  of  claim  1  wherein  X  comprises  hy¬ 
droxyl. 

8.  A  compound  of  claim  1  wherein  X  comprises  car- 

boxyl.  40 

9.  A  compound  of  claim  1  wherein  X  comprises  iso¬ 
cyan  alo. 

10.  A  compound  of  claim  1  wherein  X  comprises 
hydrocarbyloxy. 

11.  A  compound  of  claim  1  wherein  X  comprises  halo- 

hydrocarbvloxy.  45 

12.  A  compound  of  claim  1  wherein  X  comprises  hy- 
di  ocarbyloxyhydrocarbyloxy. 

13.  A  compound  of  claim  1  wherein  X  comprises  hy- 
droxylhydrocarbyloxy. 

14.  A  compound  of  claim  1  wherein  X  comprises  hy-  50 
drocarboncarbonyloxy. 

15.  A  compound  of  claim  1  wherein  X  comprises 
cyano. 

16.  A  compound  of  claim  1  wherein  comprises  hy- 

drocarbyloxycarbonyl.  55  ' 

17.  A  compound  of  claim  1  wherein  X  comprises  < 

carbamyl.  ’ 

18.  A  compound  of  claim  1  wherein  X  comprises  thiol.  < 

19.  A  compound  of  claim  1  wherein  X  comprises  hy- 

drocarbylmercapto.  00  ( 

20.  A  compound  of  the  formula  MjfR  :H.  .ffYKjHliJ 

wherein  M  is  a  cation  selected  from  the  class  consisting  of 
hydrogen,  alkali  metals,  and  tetramethylammonium.  2 


21.  A  compound  of  the  formula  M2[B)2Hio(NHj)a] 
wherein  M  is  a  cation  selected  from  the  class  consisting  of 
hydrogen,  alkali  metals,  and  tetramethylammonium. 

22.  A  compound  of  the  formula  M2B)2CIU  wherein  M 

,  is  a  cation  selected  from  the  class  consisting  of  hydrosyen, 

alkali  metals,  and  tetramethylammonium. 

23.  A  compound  of  the  formula  M2Bi2(OH)i;s  wherein 
M  is  selected  from  rhe  class  consisting  of  hydrogen,  alkali 
metals,  ammonium  and  tetramethylammonium. 

J0  24.  A  compound  of  the  formn’a  M2Bi2Hi0(NCO)2 
wherein  M  is  selected  from  the  class  consisting  of  alkali 
metals  and  tetramethylammonium. 

25.  A  compound  selected  from  the  class  consisting  of 
H2BI2C112  and  hydrates  thereof. 

15  26.  A  compound  selected  from  the  class  consisting  of 

HsR.2Bri2  and  hydrates  thereof. 

27.  A  compound  selected  from  the  class  consisting  of 
H2B!2ln  and  hydrates  thereof. 

28.  The  compound  of  the  formula  Ag2BI2Cl12. 

•20  29.  The  compound  of  the  formula  Ag2BI2Bri2. 

30.  The  compound  of  the  formula  Ag2Bi2I12. 

31.  The  compound  of  the  formula 

C.':Bi2H10(OCH2CH2OCH2)2 

32.  The  compound  of  the  formula  Cs2B]2Hi0(SCH3)j. 

33.  The  compound  of  the  formula 

(NH4)2B12HI0(CONH2)a 

34.  The  compound  of  the  formula 

30  [(CH3)4N]2B12H10(NCO)j 

35.  A  compound  of  the  formula  Ms(B|2Hi2_yXy)b 
wherein  M  is  a  cation  having  a  valence  of  1-4;  X  is  a 
monovalent  substituent  selected  from  the  group  consist¬ 
ing  of  halogen,  hydrocarbon,  acyi.  nitro,  amino,  hydroxyl, 

35  carboxyl,  isocyanato,  hydrocarbyloxy,  halohydrocarbyl- 
oxy,  hydrocarbyloxyhydrocarbyloxy,  hydroxyhydrocar- 
byloxy,  hydrocarboncarbonvloxy,  cyano,  hydrocarbyloxy- 
carbonyl  and  carbamyl;  and  when  more  than  one  X  group 
is  present  the  X’s  can  be  different;  y  is  a  positive  whole 

40  number  of  I  through  12,  inclusive;  and  a  and  b  are  posi¬ 
tive  whole  numbers  of  1  through  3,  inclusive. 
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|571  ABSTRACT 

This  invention  relates  to  the  preparation  of  dodeeahy- 
drododecaborate  (2—)  anions  and  particularly  to  the 
preparation  of  alkali  metal  dodecahydrododeca bo¬ 
rates  such  as  Na2B,jH,.j.  The  process  of  the  invention 
involves  the  reaction  of  an  alkali  metal  borohydride 
with  dimethylsulfideborane,  at  a  temperature  and  for  a 
time  sufficient,  to  yield  the  alkali  metal  dodeeahy- 
drododccaborate.  The  reaction  may  he  conducted  at 
atmospheric  pressure. 

10  Claims,  No  Drawings 
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I'KOIH  (  HON  OK 

IH)m:0AIIM>K()|)Ol)H  AUOK  \  IK:  (2-) 

SIAII  Ol  llll  AKI 

I’rcvions  inetlii nl'  lui  the  synthesis  ol  dodecahy 
iliiuliulk.'i.'iihiir.iti'N  (2- 1  anions  involve  eitliei  reactions 
ul  iliUir.mt'  nr  pviolvsis  ul  huso  lioiano.  eg. 

.'S.itlll.  ■  'll  II.  ■  \  .  II. .11.  •  I  'll, 

'  I M  III  sun  •  it  II  l, mi  i  n, ,n,,  4 

*  ',1  II  S  •  I  III 

ilii.iu'c  nl' the  volatility  ul  shirting  materials,  the  above 
me  tin  >ils  luv  e  I  veil  eninlue  teal  m  sealed  bombs  or  auto- 
el.oes  sue I)  that  all  maleri.ils  were  confained  with  no 
losses  nr  Isiinii  ennl. inline  materials.  Scale-up  of  these 
procedures  to  pioenle  production  e|uantitics  of 
II,  , I),. l  2  i  is  difficult  and  expensive  since  extremely 
large  vessels  ate  needed  to  contain  the  large  quantities 
ol  huliogen  evolved 

PS  p.it  \o  f.KiU.045  and  Miller  et  a!..  Inorganic 
(  hrnu\ir\,  Vol  2,  luM.  pages  1456-1463,  describe 
dodceahvdrododccalHirale  salts  and  a  method  of  their 
prcp.iration 

Ol  SCRUM  ION  Ob  THU  INVENTION 

It  has  now  Ken  found  that  H,5H,S"S  can  he  prepared 
at  atmospheric  pressure  in  a  process  which  does  not 
result  m  the  loss  ot  appreciable  horoncontaining  mate¬ 
rials.  I  he  huliogen  formed  by  the  reaction  can  be 
removed  as  it  is  lorrned. 

I  lie  process  of  the  invention  comprises  the  reaction 
of  an  alkali  metal  hydride  or  borohydridc  with  dime- 
ih\  I  mi  I  fid  oho  rune  I  he  chemical  reactions  involved  can 
be  reprcscnlated  bs  the  billowing  equations: 

2MH  •  I2l(  H|i»SHM,  +  13Hj  + 

IM  n,»:s 

OT 

2MIIII,  ♦  Hm<  H,i,SHH,  +  13H»  +- 

i:u  h,i:s 

where  M  is  an  alkali  metal,  for  example,  lithium,  so¬ 
dium,  potassium,  rubidium  or  cesium,  preferably  so¬ 
dium. 

In  general,  commercial  grades  of  materials  are  satis¬ 
factory.  However,  it  is  highly  desirable  that  the  reac¬ 
tants  be  as  free  of  water  as  is  practicable,  since  mois¬ 
ture,  if  present,  will  reduce  the  yield  ot  the  desired 
product. 

The  reaction  is  conducted  at  atmospheric  pressure, 
pressures  other  than  atmospheric  may  be  employed  but 
merely  make  the  process  equipment  more  costly  anti 
complex.  The  reaction  is  conducted  in  an  inert  atmo¬ 
sphere.  for  example,  under  a  nitrogen  blanket  in  the 
substantial  absence  of  moisture,  at  the  desired  temper¬ 
ature  until  the  product  is  formed. 

Conveniently,  the  reaction  is  conducted  in  a  corro¬ 
sion  resistant  vessel,  such  as  stainless  steel,  having  a 
steam  jacket  for  heating,  stirring  means,  temperature 
sensing  means,  means  for  providing  an  inert  gas  atmo¬ 
sphere,  and  suitable  material  supply  and  removal 
means  The  reactor  is  further  equipped  with  a  con¬ 
denser  operated  to  pass  H,  and  dimethylsulfidc,  hut  to 
retain  other  materials.  Conveniently,  the  reactor  is 
connected  to  a  ret.cn ei  vt'sset  to  wTttth  Khe 


mixture  can  he  translericd  Ini  purification  The  ic 
eeivor  is  preferably  further  connected  to  a  filter  nr 
vacuum  kettle  for  final  puiduet  isolation  All  steps  in 
the  sequence  aie  pu’lerably  conducted  in  an  inert  at 
S  biosphere  and  the  substantial  absence  of  wtitci 

Mixing  of  the  leaetants  is  highly  desirable,  but  not 
essential  and  mixing  can  lie  accomplished  by  any  suit 
'able  means 

While  the  reaction  is  primarily  described  herein  as  a 
lb  hatch  reaction,  the  process  can  also  be  conducted  as  a 
continuous  process  with  or  without  recycle  ol  liurc- 
acted  materials,  in  whole  or  in  part, 

l^ic  iiiuta,  i*uio  ot  the  i uticlinits  vs  fitA  ethical.  It  is 
preferable  to  use  the  reactant  in  about  stoichiometric 
15  proportions,  i.e.,  about  10  nulls  of  dimcthylsulfidcbo- 
rane  for  every  2  mols  of  alkali  metal  borohydridc. 
Where  an  excess  of  one  reactant  is  present,  it  is  desir¬ 
able  that  the  dimethylsulfidehorane  be  in  excess.  It  is 
not  necessary,  however,  to  use  these  ratios  to  obtain  at 
20  least  some  quantity  of  the  desired  dodecahy- 
drododeeaborates. 

The  reaction  to  form  the  dodeeahydrododeeahorates 
is  conducted  at  a  temperature  of  between  about  95°C. 
and  about  20t)°C.  and  preferably,  between  about 
25  |00°C.  and  150'C.  Conveniently  the  reaction  is  con¬ 
ducted  at  about  I30°C.-I40T.  While  not  necessary,  it 
is  most  preferable  that  the  reaction  mixture  be  gradu¬ 
ally  raised,  for  example,  incrementally  during  the 
course  of  the  reaction,  to  the  ultimately  desired  reac- 
20  tion  temperature  for  more  control  over  the  reaction 
and  to  allow  for  relatively  constant  controlled  evolu¬ 
tion  of  hydrogen.  , 

Likewise,  since  the  reaction  mixture  will  in  most 
instances  contain  some  small  amount  of  reactive  impu- 
35  ritics,  it  is  desirable  to  allow  these  to  be  reacted  at 
moderate  temperature  before  the  desired  reaction  is 
commenced. 

In  a  preferred  embodiment,  the  reaction  between  the 
*  alkali  metal  borohydridc  and  the  dimethylsulfidcbo- 
40  rune  is  conducted  in  the  presence  of  an  inert  liquid 
reaction  media,  i.e.  a  liquid  which  is  unreactive  under 
the  conditions  of  the  reaction  with  the  reactants  and 
the  product.  Lthcrs  and  sulfides  are  suitable  reaction 
media.  The  reaction  media  should  be  liquid  at  room 
45  temperature  and  liquid  at  the  desired  maximum  reac¬ 
tion  temperature.  The  preferred  reaction  medium  com¬ 
prises  diglyme,  i.e.  the  dimethyl  ether  of  diethylcnc 
glycol.  Other  suitable  reaction  media  include  other 
glycol  others  such  as  monomethyl-,  trimethyl  and  tetra- 
50  methyl  ethers  of  diethylene  glycol,  dioxane  and  lower 
dialkylsulfides,  such  as  diethylsulfide  and  dibutylsul- 
ftde.  The  inert  liquid  dispersant  should  be  as  free  of 
moisture  as  possible.  Infrared  analysis  for  hydroxyl  is 
an  expedient  safeguard  prior  to  use. 

55  The  time  of  the  reaction  is  not  critical.  The  reaction 
time  will  generally  be  between  about  5  to  about  25 
hours  in  a  batch  process,  although  shorter  or  longer 
times  can  be  employed,  dependent  upon  equipment 
limitations  to  accommodate  hydrogen  evolution. 

60  The  reaction  products  can  be  separated  from  the 
reaction  mixture  by  conventional  procedures,  such  as 
filtration,  crystallization,  solution  chromatography  and 
the  like. 

The  alkali  metal  salts  prepared  in  accordance  with 
65  this  invention  are  solid  products  which  are  salt-like  in 
character  and  dissolve  in  water  and  polar  solvents,  such 
as  hydroxylate  solvents.  The  compounds,  as  obtained, 
■ftwnwmly  mwlafcl  *xlwrt  t  «T  eJTdnUi-/ Solvents 
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ill’  crysl.ilb/jtion  .lie  re;nlil\  removed.  hy  conventional 
procedures.  fur  example.  leery  st.ilh/.itnni,  heating 
under  reduced  pre-.su u  ,unl  the  like 

I'lie  teiide lie v  i>t'  the  '.ills  tii  cixst.illi/c  with  solvents 
ul  crysi. illi/. itiuii  or  u.itei  Ii\ tli.it ion  complicates 
element. d  iii.iKms  llourvvi,  iitvntitv  id  the  emu 
| rounds  c.iii  Is  i  on lii  nieil  In  sin.iip  >.  Ii.n.ie  tenstie  :ih 
sorption  kinds  ot  Ihe  It  . II,.  .1111011  in  the  mlia  leil 
.ihsorption  s| vi  1 1 iiiii  ulmli  .ip|v.n  .it  4  Up  J  <1  I  mid 
'l  Is^t  -  il  I  the  .il'smption  b.nnl  .it  I  tl/i  m  some 
inst.mei  s  np|H  .iis  .is  ,i  ilonl'ii 1  ni  n  Inch  there  is  a  shoul¬ 
der  .il  -I  dp  kmd  .il  .ilsml  t  lip. 

Ihe  .  k.,h  i.iel.il  -.1  nlee.ihs.ltiw’.osk'ealHH.it^..  tttv 
deign  met.ithetie  re.istnm  uuh  other  suits,  in  aqueous 
or  non  aqueous  solvents,  to  yield  other  dodecahy- 
diododcs.ihor.ite  '.ills  h.iv  mi!  as  cations  l.i.  Nil,  K.  Rh. 
t  s  lie.  Me.  (‘a.  Si .  II. i.  (  u.  \e.  /n,  CM.  and  Mu.  ammo- 
niiiui.  hwlra/onium.  N  'iil"tiluted  anunoniuin.  N-suh- 
si  hi i |r  i/oniinii  snlisiiiiiied  r>hospl.i..|nitn  an  ■  I- 
di.i/iinuini.  anil  the  like 

('om|M>inids  emit. ninny  the  dodccaliy  ilruiliideeaho- 
rate  t2-i  anions  are  nsetul  as  sequestering  agents  to 
remove  metals,  such  as  copper,  nickel,  eohalt,  zinc  and 
eadmium.  from  aqueous  and  uon-aqueous  solutions; 
lithium  iliMlee.'thviliiHliHlee.ikiiate  is  useful  in  modify¬ 
ing  the  vomhustloll  eh.lt .letetistlCs  oi  hvdloeaihoil 
luels.  silver  dodee.ihydriKliHlee;ibor;ite  is  useful  in  the 
field  of  light-sensitive  chemicals  employed  in  photogra¬ 
phy.  and  mercury  dodccuhvilrododccuhoratc  is  useful 
in  biochemical  applications  lor  which  mercury  com¬ 
pounds  are  Irequeiitly  employed 

Illustrating  the  invention  i\  the  following  examples, 
which,  however,  are  not  to  he  considered  as  limiting 
the  invention  to  their  details.  All  parts  and  percentages 
are  hy  weight,  unless  otherwise  specified.  All  tempera¬ 
tures  jre  degrees  Centigrade,  unlss  otherwise  specified. 

1  XAMIM.l- 

The  follow  ing  process  and  workup  was  conducted  in 
a  dry  nitrogen  atmosphere 

Into  a  one  gallon  stainless  steel  reactor,  equipped 
with  stirrer,  temperature  sensing  means,  means  for 
providing  an  inerl  gas  atmosphere,  an  external  heating 
means,  a  condenser,  and  means  for  adding  reactants 
and  removing  reaction  product,  was  charged  75  grams 
(2  inols)  of  sodium  ktrohydride  and  1800  ml  of  di- 
glyme  I  he  mixture  stirred  for  10-15  minutes  to  allow 
for  jKissible  interaction 

There  was  then  added  MM)  grams  (  It)  mills  BH;|)  of 
diniethylsulfidekirane.  I  he  diinelhylsulfideborane  was 
added  to  the  reaction  in  small  inciemcnts  to  allow 
reaction  of  small  amounts  of  hydroxyl  impurities  with 
the  evolution  of  hydrogen.  I  he  condenser  was  main¬ 
tained  at  5  5 ‘’-41  PC.  so  that  dimethylsulfide  and  hydro¬ 
gen  evolved  were  removed  while  entrained  dimethyl- 
sulfidehorane  was  returned  to  the  reaction  with  negligi¬ 
ble  dissociation 

The  reactor  jacket  was  hroughl  to  l()5°C.  and  rapid 
evolution  of  hydrogen  was  noted  The  temperature  of 
the  reaction  mixture  was  95  -l<J0“(\  After  about  five 
hours  the  temperature  of  the  reactor  jacket  was  in¬ 
creased  in  It*  C  increments  as  hydrogen  evolution 
decreaseil  until  1411'C  was  reached  after  two  hours. 
I  lie  reaction  mixture  was  then  maintained  at  135V. 
until  liydiogen  evolution  was  very  slow  t  i..j.  5  4  liters/- 
liourl.  at  least  ahoiil  12  hours.  I  lie  total  hydrogen 
vUikvni  *'Hv  +kS4f  M's  vH'  tfkvnfX  kUSwlvU!  wet 

test  meter  readings 
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There  was  added  to  the  reaction  mixture  700  ini  of 
diglymc,  an  amount  equivalent  to  the  dimethylsulfide 
removed  during  the  reaction,  and  the  reaction  mixture 
cooled  to  50V.  The  product  N.i2li|2H|2  was  in  solution. 
s  In  a  receiver  was  charged  1500  ml  ol  hexane  and 
then  the  leaelor  piessm  i/eil  with  nitrogen  and  the  reac¬ 
tion  ini xt i ii c  trausfcricti  to  the  receiver  under  nitrogen 
pressure  I  he  resultant  slurry  was  stirred  in  the  receiver 
for  one  hour  and  the  liquid  was  then  remove’ll  from  the 
1,1  slurry.  The  remaining  solids  were  similarly  washed  with 
hexane  two  additional  times.  To  the  remaining  solids 
there  was  then  added  1725  nil  of  1.4  dioxnne  and  the 
resultant  slurry  st i: r eil  for  livoliouis.  11  1C  fluid  pottiull 
was  removed  and  the  solids  were  slurried  with  hexane 
and  the  fluid  portion  then  removed.  The  remaining 
solids  were  again  slurried  in  hexane  and  transferred  to 
a  stirrer  vacuum  pot  where  the  hexane  was  removed  by 
vacuum  distillation. 

Ik  .  uKd  pfi.duv.1  was  Na2ttuH eer.tuir  iftg 

'  two  to  three  moles  of  associated  diglymc  and/or  1.4 
dioxanc.  mostly  diglymc.  I  he  material  was  hydroscopic 
anil  was  handled  with  minimum  air  exposure  and  stored 
in  air  tight  containers. 

'I  he  product  was  measured  for  boron  content  by 
carbonate  fusion  to  determine  the  total  boron  present. 

The  product  was  titrated  for  boron  content  to  deter¬ 
mine  the  presence  of  BHt—  and  B:)HS — . 

Infra-red  analysis  was  also  performed. 

1(|  On  three  repetitions  of  the  above,  the  following  re¬ 
sults  were  obtained; 


Recovers 

Moron  Content 

Yield  i>r  Nu*B,.H„ 
Base  tut  Total 
Boron  Charge 

Run  1 

5 1  Hy 

21  1 

91..W 

Run  2 

420  2c 

21  4 

90.4rrf 

2.V9 

Run  3 

47|  4y 

23  ^ 

9  I'A 

4(1 

The  boron  analyses  were  run  by  carbonate  fusion  and 
may  be  low  but  not  more  than  5  percent  low.  Actual 
yields  may  have  been  95-96  percent. 

The  process  of  the  invention  is  operable  to  provide  a 
45  desired  product  with  substantial  variation  of  the  above 
examples,  for  example,  hy  substituting  other  alkali 
metal  borohydridcs,  such  as  described  hercinabove.or 
by  varying  the  ratio  of  the  reactants,  the  reaction  times, 
temperatures,  or  other  process  variables  within  the 
50  limits  discussed  above. 

According  to  the  provisions  of  the  Patent  Statutes, 
there  is  described  above  the  invention  and  what  are 
now  considered  its  best  embodiments;  however,  within 
the  scope  of  the  appended  claims,  it  is  understood  that 
55  the  invention  can  he  practiced  otherwise  than  as  specif¬ 
ically  described. 

We  claim: 

1,  A  process  for  preparing  an  alkali  metal  dodccahy- 
drododecaboratc  which  comprises  reacting  at  a  tem- 
Wt  porature  between  about  90V  and  about  20()CC,  in  an 
inert  atmosphere  and  at  substantially  atmospheric  pres¬ 
sure,  an  alkali  metal  horohydride  or  alkali  metal  hy¬ 
dride  with  dimethylsulfidehorane  for  a  time  and  at  a 
temperature  sufficient  to  form  alkali  metal  dodeeahy- 
(|5  ilroilodeeahiirate  and  removing  hydrogen  and  dimeth- 
ylsulfiilc  from  said  reaction  as  they  are  formed 

2  •  luihviu,  w  it1  chilli  1  lutwrctil  lltr  ti.-iu.ihwt  is 
conducted  in  the  presence  of  ail  inert  liquid  dispersant. 
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3.  A  process,  as  in  claim  2,  wherein  the  reaction  is 
conducted  at  a  temperature  between  about  I0()°C  and 
about  1 5U°C. 

4  A  puKctx,  m  in  claim  3,  wherein  tire  temperature 
of  the  reaction  is  raised  incrementally  during  the  5 
course  of  the  reaction. 

5.  A  process,  as  in  claim  2,  wherein  the  alkali  metal 
borohydride  and  the  dimcthylsulfidehoranc  are  reacted 

in  about  stoichiometric  proportions.  1( 

6.  A  process,  as  in  claim  2,  wherein  the  alkali  metal 
ooronydnue  is  sodium  borohydride. 


6 

7.  A  process,  as  in  claim  2,  wherein  the  inert  disper¬ 
sant  comprises  tliglyme, 

8.  A  process,  as  in  claim  7,  wherein  the  process  is 
conducted  at  wuVistitr.tmMy  MnwspVidTit  pressuic  at  u 
temperature  between  about  10(i°C.  and  about  I50°C\ 

9.  A  process,  as  in  claim  8,  wherein  the  temperature 
of.  the  reaction  is  raised  incrementally  during  the 
course  of  the  reaction. 

10.  A  process,  as  in  claim  2,  wherein  the  inert  liquid 
dispersant  comprises  diglyme. 
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decahydrodecaborate  (-2).  The  preparation  and  prop- 
BIS-GUAMDINIUM  DECAHYDRODECABORATE  erties  of  the  aqueous  acid  itself  are  known,  and  refer- 

AND  A  PROCESS  FOR  ITS  PREPARATION  ence  may  be  made  to  U  S.  Pat.  No.  3,148,939  for  fur- 


BACKGROUND  AND  BRIEF  DESCRIPTION  OF 
THE  INVENTION 

Boron  hydride  salts,  in  particular  the  nonmetal  salts 
of  decahydrodecarboric  acid,  have  been  discovered  to 
have  particular  utility  in  the  fieid  of  high  energy  fuels. 
They  may  be  used  as  constitutcr.ts  of  pyrotechnic  corn 
positions,  and  in  rocket  propellants.  The  present  inven¬ 
tion  teaches  a  new  nonnetal  salt  of  decahydrodecabo- 
ric  acid,  uhich  exhibits  stable  physical  properties  and 
exhibits  several  unusual  pyrotechnic  properties,  in  that 
the  material  deflagrates  at  a  very  rapid  rate  without  the 
deflagration  becoming  a  detonation. 

A  particular  objective  in  preparing  compounds  suit¬ 
able  for  certain  types  of  pyrotechnic  usage  is  to  achieve 
a  high  gas  output  and  low  molecular  weight  combustion 
products,  when  the  fuel  is  burned  with  a  suitable  oxidiz¬ 
ing  agent.  Combustion  products  such  as  hydrogen  (H2) 
and  nitrogen  (N,)  gas  fulfill  this  requirement.  In  pre¬ 
paring  salts  useful  as  pyrotechnic  fuels  from  an  anion 
such  as  decahydrodecaborate  (-2)  (B10H10_J),  it  is 
therefore  advantageous  to  use  a  cation  containing  a 
high  weight  fraction  of  atomic  nitrogen  and  hydrogen. 
The  guanidinium  ion,  chemical  formula  C(NH2)3+I  has 
been  found  to  be  such  a  cation.  In  addition,  the  corre¬ 
sponding  Bronsted  base  of  the  ion,  free  guanidine,  is  a 
strong  base,  which  imparts  to  the  cation,  and  thus  the 
salt,  a  high  degree  of  chemical  stability. 

DETAILED  DESCRIPTION  OF  INVENTION 


ther  detail. 

5  The  salt  described  by  this  invention  is  useful  as  a 
moderate-to-high  energy  fuel  for  use  in  pyrotechnic 
compounds  and  rocket  and  gun  propellants.  Pyrotech¬ 
nic  compositions  and  propellants  based  on  the  bis- 
guanidinium  decahydrodecaborate  salt  fill  an  impor- 
10  lant  gap  ir  the  «:n<  rgy  output  and  combusiioi  product 
stoichemistry  available  from  compositions  based  on 
other  decahydrodecaboric  salts.  Such  compositions 
make  use  of  the  unique  decomposition  properties  of 
the  decahydrodecaborate  (—2)  ion,  a  bicappcd  square 
15  antiprism  polyhedral  ion  with  unusual  stability;  the  ion 
is  believed  to  be  kinetically  rather  than  thermodynami¬ 
cally  stabilized.  The  anion  demonstrates  an  unusually 
fast  decomposition  upon  oxidation,  which  is  believed  to 
proceed  through  the  labile  apical  hydrogen  atoms 
20  bonded  to  the  cage.  Pyrotechnic  compositions  based 
on  a  physical  blend  of  certain  metallic  salts  of  this 
anion  with  various  inorganic  oxidizers  have  been  recog¬ 
nized  by  ARMSTRONG,  U.S.  Pat.  No.  3,126,305  as 
providing  a  wide  range  of  confined  burning  rates.  Phys- 
25  ical  blends  of  nonmetallic  salts  of  the  decahy¬ 
drodecaborate  ion,  including  the  particular  novel  salt 
taught  herein  are  useful  to  produce  extremely  fast  def¬ 
lagration  rates,  and  various  applications  are  described 
in  a  copending  application  of  common  assignment, 
30  entitled  IGNITION  AND  PYROTECHNIC  COMPOSI¬ 
TIONS,  Ser  No.  694,625,  filed  on  even  date  and  in 
copending  application,  entitled  COPRECIPITATED 
PYROTECHNIC  COMPOSITION  PROCESS  AND 


the  guanidinium  salt  of  the  decahydrodecaborate 
(-2)  ion  is  represented  by  the  chemical  formula 
(C(NH|)j)jB,0H10.  The  salt  is  prepared  by  reacting  one 
mole  of  guanidine  carbonate,  (C(NH2)3)2C03,  with  one 
mole  decahydrodecaboric  acid,  H2BioHio,  (or,  as  the 
hydronium  form)  (H3O+)2B!0H1(f2),  in  aqueous  solu¬ 
tion. 

:C(NHtl1*,«,  +  COr’,.,1+  2H*,.„+  Bl0H10"X(o,»  -♦ 

H.O  +  CO,  -f  2C(NH,r  Mn.l  +  BloH  to  *lail 

at  room  temperature  and  pressure  (e.g.,  20°  C  and  760 
mm  Hg).  The  resulting  neutral  solution  is  evaporated  to 
dryness  (which  also  removes  carbon  dioxide)  to  yield 
cryst’Mine  solid,  melting  point  273°-280°  C.  The  prepa¬ 
ration  is  essentially  stoichiometric.  The  first  crop  yield 
may  be  further  purified  by  recrystallization.  The  parti¬ 
cle  size  of  the  resulting  crystals  may  be  controlled  by 
the  rate  of  crystallization. 

An  alternate  preparation  of  bis-guanidinium  decahy¬ 
drodecaborate  (-2)  is  accomplished  by  neutralizing  an 
aqueous  solution  of  decahydrodecaboric  acid  to  pH  7.0 
with  free  guanidine  base  (usually  available  as  a  25% 
solution  in  ethanol),  and  evaporating  the  resulting  neu¬ 
tral  solution  to  dryness.  The  solution  of  free  guanidine 
is  not  particularly  stable,  however,  and  the  former  pre¬ 
parative  method  is  preferred. 

The  aqueous  decahydrodecaboric  acid  used  as  a 
starting  material  for  the  process  of  this  invention  is 
conveniently  prepared  by  passing  an  amine  or  metal 
salt  of  the  decahydrodecaborate  (-2)  ion  through  a 
column  containing  a  strongly  acidic  ion  exchange  resin 
of  the  sulfonic  acid  type,  such  as  a  DUOLITE  type 
C-20,  manufactured  by  the  Diamond  Shamrock  Corpc 
ration.  Preferred  starting  salts  arc  bis  (trielhylam- 
moniumt  decanyaroaeca borate  (-2)  and  disodlum 


RESULTANT  PRODUCTS,  Ser.  No.  694,626,  filed  on 
35  even  date. 

Pyrotechnic  compositions  and  propellants,  based  on 
the  novel  compound  of  this  invention  exhibit  unique 
behavior.  Despite  the  fact  that  a  high  energy  fuel  is 
being  used,  the  reaction  does  not  propagate  to  a  deto- 
40  nation,  as  is  true  with  most  commonly  used  high  energy 
fuels  such  as  commercial  and  military  explosive  com¬ 
positions. 

This  unusual  property  is  due  to  the  fact  that  the  reac¬ 
tion  mechanism  is  kinetically  rather  than  thermody- 
45  namically  controlled,  i.e.,  the  deflagration  occurs  in 
such  a  manner  that  much  heat  is  generated  in  the  reac¬ 
tion  without  said  heat  accelerating  the  reaction  to  the 
point  of  detonation.  The  distinction  between  deflagra¬ 
tion  and  detonation  is  used  in  the  common  sense, 
50  whereby  in  deflagration,  the  chemical  change  or  “burn¬ 
ing"  of  the  fuel  occurs  in  advance  of  the  compression 
front  caused  by  the  expanding  gases.  By  contrast,  in 
detonation  the  chemical  reaction  occurs  after  the  com¬ 
pression  or  shock  wave  propagates  through  the  compo- 
55  sition  medium.  A  more  detailed  explanation  of  this 
phenomenon  may  be  found  in  a  text  on  explosives  such 
as  C.  H.  Johansson  and  P.  S.  Persson  “Detonics  of  High 
Explosives,”  Academic  Press,  NY.,  1970. 

The  product  of  this  invention,  Bis-guanidinium 
60  Decahydrodecaborate,  and  the  inventive  process  for 
making  this  new  product  is  illustrated  by  the  following 
example. 

EXAMPLE  I 

65  6.9  liters  of  approximately  0.3  normal  decahy¬ 

drodecaboric  acid  is  neutralized  with  1 97  grams  (1.1 
moles)  guanidine  carbonate.  The  reaction  is  accompa¬ 
nied  \jy  evolution  of  carbon  dioxide  gas.  t  he  solution  is 
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evaporated  on  a  flash  evaporator  until  a  slush  remains 
in  the  rotary  flask.  The  crystals  are  filtered.  A  second 
crop  is  recovered  by  evaporating  the  filtrate  to  dryness. 
249  grams  (1.05  moles)  of  a  pure  white  crystalline 
powder  is  recovered  after  vacuum  drying  (yield  95%). 
The  dried  powder  exhibits  a  moisture  content  of 
0. 1 1%.  a  melting  point  of  279°  C,  a  crystal  (true)  den¬ 
sity  of  1  11  grams  per  cubic  centimeter,  and  an  average 
panicle  size  of  46  microns.  Calculated  boron  content 
of  product:  45.4%;  found  41.2%, 

The  infrared  spectrum  of  the  compound  confirms  the 
identity  of  the  functional  groups  present  in  the  com¬ 
pound.  the  NH,  +  stretch  at  3200-3500  cm'1  and  N-H 


an  exemplary,  though  non-limiting,  application  for  the 
product  taught  by  the  present  invention. 


10 


EXAMPLE  II 

Hand  blended  mixes  of  the  bis-guanidinium  decahy- 
drodecaborate  (-2)  from  Example  I  are  made  with 
various  concentrations  of  the  following  inorganic  oxi¬ 
dizing  agents^potassium  nitrate,  guanidine  nitrate,  and 
ammonium  perchlorate.  The  resulting  mixes  are  ignited 
in  an  adiabatic  calorimeter,  and  the  heat  generated  by 
the  resulting  deflagration  is  measured.  The  results  are 
summarized  in  Table  I,  over  a  range  of  representative, 
stable  burning  concentrations. 


TABLE  I 

OXIDIZER 

RANGE  OF  CONCENTRATION, 
%-by-wcighl, 
bis-GUANIDINIUM 
DECAHYDRODECABORATE) -2) 

RANGE  OF 

HEAT  OF  REACTION. 
CALORIES.'GRAM 

Potassium  nitrate 
guanidine  nitrate 
ammonium  perchlorate 

15%~30% 

8%- 30% 

I4%-30% 

1250-1375 

860-990 

I890-l"80 

bending  band  at  500  cm'1,  and  the  double  bonded 
C— N  stretching  frequencies  at  1,620  and  1,800  cm'1 
confirm  the  presence  of  the  quanidium  ion.  The  B-H 
stretching  frequency  near  2500  cm-1  and  the  B,„Ht0-2 
cage  modes  at  1030,  1070  and  670  cm-1  confirm  the 
presence  of  the  decahydrodecaborate  (-2)  ion. 

The  utility  of  the  product  of  this  process  may  he  now 
appreciated  by  the  following  example  which  illustrates 


25 


30 


Obvious  modifications  and  equivalents  in  the  present 
invention  will  be  evident  to  those  skilled  in  the  art,  and 
the  scope  of  the  present  invention  is  to  be  defined 
solely  by  the  appended  claims. 

I  claim; 

L  The  bis-guanidinium  salt  of  decahydrodecaboric 
acid,  having  the  formula  (C(NH2)3)2B10H,„. 
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[57]  ABSTRACT 

Am  ignition  device  in  the  form  of  a  linear  member  which 
has  an  internal  linear  propagation  characteristic  of  a 
detonation,  I  1  a  radial  heat  and  gas  evolution  charac¬ 
teristic  of  a  vt:'y  fast  deflagrating  pyrotechnic  material 
not  accompanied  by  a  shock  or  detonation  wave.  The 
device  uses  a  central  core  containing  an  encapsulated 
explosive  with  a  surrounding  layer,  or  discrete  layers, 
of  a  metal-clad  pyrotechnic  material  that  is  significantly 
characterized  by  a  class  of  compounds  that  are  specific 
simple  decahydrodeca borate  salts  containing  the  com¬ 
mon  anion  B10H10-J.  The  outer  cladding  materials 
themselves  do  not  functionally  ensure  a  radial  deflagra¬ 
tion;  rather  the  specific  pyrotechnic  materials  employed 
ensure  a  radial  deflagration.  There  are  taught  specific 
relationships  for  components,  and  a  necessary  radial 
compaction. 

64  Claims,  6  Drawing  Figures 
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is  encapsulated  by  an  outer  covering,  10,  which  ma> 
HIGH  SPEED  IGNITER  DEVICE  consist  of  metal,  plastic,  or  fabric. 

The  overall  cross-sectional  area  of  the  subject  device 
BACKGROUND  AND  SUMMARY  OF  THE  may  0f  virtually  any  geometry  and  depends  on  the 

INVENTION  j  exact  method  of  manufacture.  The  internal  ctoss-sec- 

For  many  applications,  it  is  necessary  to  nearly  simul-  tional  structure  may  also  assume  a  variety  of  forms,  two 
taneously  apply  heat  and  gas  over  an  extended  area,  for  of  which  are  represented  in  FIGS.  2  and  3,  In  the  sec- 

example,  in  the  ignition  of  a  mass  of  propellant  or  over  ond  embodiment  of  FIG.  2  a  single  annulus  of  pyrotech- 

a  surface  to  accomplish  mechanical  work.  This  near  nfc  material,  12,  surrounds  a  sheath,  14,  which  contains 
simultaneous  ignition  is  best  accomplished  by  a  source  10  a  centrally  disposed  high  explosive,  16.  A  metal  clad- 
with  a  very  fast  propagating  speed,  that  is,  by  a  stimulus  ding,  18,  surrounds  the  pyrotechnic  material  12  to  allow 

with  a  propagating  velocity  characteristic  of  a  detona-  the  cross-sectional  area  of  the  entire  device  to  be  re- 

tion.  5000  to  8000  meters  per  second.  For  the  same  duced  by  a  swaging  operation.  After  the  intimate  corn- 

applications,  however,  it  is  often  required  that  the  paction  of  the  device,  as  by  swaging,  a  final  outer  en- 

source  ot  heat  ana  gas  which  actually  performs  ihe  15  capsulinetiT,  2U,  may  be  added. 

function,  for  example,  ignites  the  propellant  or  provides  In  the  third,  and  preferred,  embodiment  of  FIG.  3,  a 

a  force  against  a  surface,  be  a  “soft"  or  nondetonating  plurality  of  individual  metal-clad  pyrotechnic  cords  are 

stimulus  Although  a  detonation  might  provide  ade-  illustrated  to  have  been  compacted  over  a  central  explo- 

quate  heal  and  gas  to  accomplish  the  intended  purpose,  sive  cord  and  into  an  overall  square  cross-section,  such 

the  accompanying  detonation  wave  cannot  be  tolerated  20  as  by  drawing  through  a  succession  of  square  dies.  Al- 
because  of  the  mechanical  impulse  applied  to  the  sur-  ternatively,  a  single  wagonwheel  spaced  metal  matrix 

rounding  volume.  For  example,  many  commonly  used  may  have  been  employed  to  initially  define  the  central 

rocket  or  gun  propellants  are  fashioned  into  complex  high  explosive  and  the  surrounding  discrete  pyrotech- 

geometric  shapes  termed  “grains”  in  order  to  control  nic  sections.  In  either  case,  the  overall  cross-section 

the  overall  burning  rate  of  the  propellant  mass.  A  deto-  25  must  be  reduced  by  swaging  or  drawing  in  order  to 
nation  wave  impinging  on  such  grains  will  shatter  the  ensure  an  intimate  compaction  of  pyrotechnic  with 

grain  structure,  thus  destroying  the  physical  configura-  respect  to  the  outer  sheath  of  the  detonating  cord.  In 

tion  which  is  necessarily  designed  into  the  grain.  What  this  third  embodiment,  the  explosive  core,  22,  is 

is  needed,  then,  for  these  types  of  applications,  is  a  de-  sheathed  by  a  concentrically  spaced  metal  region,  24, 

vice  which  is  capable  of  transferring  a  stimulus  over  an  30  with  each  pyrotechnic  material  segment  26  shown  with 
extended  region  with  a  very  high  speed,  but  whose  its  cladding,  28,  intimately  fused  to  the  detonating  cord 

outward  stimulus  at  the  point  of  ignition  or  gas  evolu-  sheathing  24. 

tion  is  characteristic  of  a  fast  deflagration,  without  an  In  the  embodiment  of  FIG.  3,  the  fused  metal  clad- 

accompanying  shock  or  detonation  wave.  ding  28  may  also  function  as  the  encapsulating  layer  for 

35  the  device  or,  optionally,  a  further  metallic,  braided  or 
BRIEF  DESCRIPTION  OF  THE  DRAWINGS  plastic  encapsulment  may  be  applied  after  the  area  re- 

FIG.  1  schematically  illustrates  a  first  embodiment  of  duction  step, 
the  invention;  The  principle  of  the  device  function  is  that  the  central 

FIG.  2  schematically  illustrates  a  second  embodiment  cord  is  detonated  with  a  suitable  source,  i.e.,  one  which 
of  the  invention;  40  will  impart  sufficient  stimulus  to  the  explosive  material 

FIG.  3  schematically  illustrates  a  third  and  preferred  to  induce  a  high  order  detonation  in  the  material.  Suit- 
embodiment  of  the  invention;  able  detonators  arc  conventional  in  the  art,  as  illustrated 

FIGS.  4  and  5  schematically  illustrate  compaction  hereinafter,  and  further  illustration  is  not  considered 

and  area  reduction  according  to  the  principles  of  the  necessary  to  an  understanding  of  ihe  present  invention, 

present  invention;  45  This  stimulus  propagates  linearly  along  the  central  por- 

F1G.  6  schematically  illustrates,  in  partial  section,  a  lion  of  the  device  with  a  speed  characteristic  of  the 

spiral  pyrotechnic  configuration  after  the  area  reduc-  detonating  velocity  of  the  detonating  explosives  pre- 

tjon  ferred  for  this  device,  i.e.,  5000  to  8000  meters  per  sec¬ 

ond.  The  e  '.dosive  stimulus  ignites  t!:-.  pyrotechnic 
DETAILED  DESCRIPTION  OF  THE  50  material  as  it  passes  down  the  center  of  the  cord,  by  the 

INVENTION  shock  induced  into  the  pyrotechnic  material  or  the 

The  subject  invention  consists  basically  of  a  central  flame  associated  with  the  hot  gases  behind  the  detona- 
cord  of  explosive,  that  is,  material  capable  of  undergo-  tion  wave,  or  both.  , 

ing  a  detonation,  surrounded  by  an  outer  layer  of  a  Pyrotechnic  materials  useful  in  the  subject  device 

rapidly  burning  pyrotechnic  material,  in  particular,  55  consist  of  a  certain  class  of  decahydrodecabonc  aci 
certain  types  of  compounds  based  on  salts  of  decahy-  salts  with  various  oxidizers.  They  have  a  very  fast  defla- 

drodecaboric  acid,  and  manufactured  in  such  a  manner  gration  mechanism,  but  will  not  detonate.  The  pyro- 

that  the  function  of  the  resulting  device  accomplishes  technic  material,  after  being  ignited  by  the  detonating 

the  desired  purpose.  stimulus,  burns  and  the  hot  gases  and  particles  from  this 

A  linear  cross  sectional  view  of  a  first  embodiment  of  60  deflagration  propagate  outward  in  a  radial  direction 
the  invention  is  shown  in  FIG.  1.  A  central  core  of  a  with  an  effective  velocity  less  than  that  charactenst.cor 

detonating  explosive,  2,  is  surrounded  by  a  sheath,  4,  a  detonation,  typically  10,000  inches  per  second.  The 

which  may  be  metal  or  one  or  more  layers  of  fiber  or  shock  wave  associated  with  the  detonating  stimulus  is 

plastic  The  central  explosive  core  is  surrounded  by  a  completely  absorbed  by  the  cladding  and  encapsulating 

pyrotechnic  material,  6,  selected  from  a  class  of  salts  of  65  layers  around  the  pyrotechnic  material,  so  that  a  source 
decahydrodecaboric  acid  blended,  or  coprecipitated  outside  the  device  experiences  only  the  efTects  of  the 

with  a  suitable  oxidizer.  The  pyrotechnic  layer  is  in  turn  deflagrating  pyrotechnic,  and  does  not  witness  a  shock 

rurrounded  by  a  metal  cladding  8.  The  entire  assembly  wave  associated  with  the  detonation.  The  effective  rate 
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of  propagation  of  the  deflagrating  stimulus  in  the  linear 
direction,  however,  is  very  fast,  i.e.,  that  of  the  detona¬ 
tion  front. 

The  method  of  manufacturing  the  devices  is  critical 
in  that  the  final  geometrical  configuration  of  the  device 
must  allow  an  efficient  ignition  of  the  pyrotechnic  mate¬ 
rial.  This  condition  may  be  stated  as  a  criterion  that  the 
pyrotechnic  material  and  the  cladding  around  it  be 
intimately  juxtapositioned  with  the  detonating  explo¬ 
sive  material,  through  intimate  contact  with  and  around 
the  central  detonating  member.  This  condition  may  be 
achieved  if  the  layers  of  pyrotechnic  material,  explosive 
material,  and  successive  layers  of  encapsulment  are  first 
assembled  in  loose  form  and  then  the  cross-sectional 
area  of  the  loose  assembly  is  reduced  until  the  compo¬ 
nents  are  tightly  squeezed  together. 

The  device  may  be  further  appreciated  by  a  consider¬ 
ation  of  its  significant  components,  and  their  interac¬ 
tions,  as  follows. 


lead  sheathed  cords  useful  in  this  invention  are  given  in 
Table  I. 

In  genera],  the  higher  mass  ratios  correspond  to  the 
lower  limits  of  core  load.  The  mas*  ratio  for  a  detonat- 
5  ing  cord  docs  not  change  during  a  swaging  operation 
that  reduces  the  core  loading,  i.e.,  the  detonating  cord  is 
elongated,  but  the  total  ratio  of  lead  to  explosive  re¬ 
mains  substantially  constant  for  any  final  outer  diameter 
given  to  the  detonating  cord. 


Expletive 

Explosive  DUlribuboa 
(Core  Load) 

Grains  per  linear  foot 

Mu  Ratio 
(Ratio  of  weigh! 
of  lead  10  weigh! 
or  eaploaive) 

RDX 

2-4 

50-  12 

HMX 

2-6 

50-  i: 

PETN 

2-6 

50-  12 

DIPAM 

4-10 

50-15 

HNS 

4-10 

50-15 

DETONATING  HIGH  EXPLOSIVE  CORD  20  JtemaU:  embodiment  of  encapsulation  on  the 

explosive  particles  herein  is  a  flexible,  extruded  cord 
The  function  of  the  central  explosive  cord  is  to  propa-  consisting  of  an  explosive,  with  the  forementioned 

gate  the  explosive  stimulus  at  a  high  linear  velocity,  and  properties,  bonded  with  a  viscoelastic  binder  such  as 

simultaneously  ignite  the  pyrotechnic  decahy-  nitrile  rubber  or  nitrocellulose.  An  example  of  such  a 

drudecaborate  composition  surrounding  the  cord.  In  25  flexible  cord  is  described  by  Evans  in  U  S.  Pat.  No. 
order  to  accomplish  the  latter,  the  explosive  must  pos-  3,338,764.  The  core  loads  of  the  said  explosive  in  a 

sess  sufficient  force  to  shatter  the  metal  separating  it  flexible  form  are  as  given  in  Table  I;  preferred  flexible- 

from  the  pyrotechnic,  and  have  sufficient  heat  output  to  type  cords  for  use  in  this  invention  may  also  contain  an 

ignite  the  pyrotechnic  composition.  additional  form  of  explosive  encapsulation  through  a 

A  convenient  method  of  packaging  the  said  explosive  30  further  outer  layer  of  a  flexible  inert  material, 
in  a  cord  form  to  accomplish  the  intended  purpose  is  to 

JtirKHW.d  tlwTLcar  explosive  in  a  mtt&I  sheMh,  Mi  eh  a  Eett  hy-,|todjciSr-4iB'  C'xpOiiTda 

lead,  silver,  or  aluminum,  and  draw  or  swage  the  result-  The  pyrotechnic  compositions  taught  for  use  in  the 
ing  assembly  through  a  scries  of  dies  until  the  desired  present  invention  consist  either  of  an  intimate  blend,  or 

distribution  of  explosive  in  the  resulting  cord  U  ob-  35  a  cnpreciptate,  r>f  rj*ruin  rimple  salts  of  decahy- 
tained.  Such  a  swaging  procedure  is  well  known  to  drodecaboric  acid  with  an  oxidizing  agent,  and  may 

those  practiced  in  the  art.  The  distribution  of  explosive  optionally  include  small  amounts  of  other  materials 

is  normally  measured  by  the  weight  of  explosives  in  tUch  as  finely  divided  metals  or  small  amounts  of 

grains  per  linear  foot  of  cord;  the  ratio  of  the  weight  of  binder.  The  key  ingredient  is  a  simple  decahy- 

sheathing  metal  to  the  weight  of  explosive  per  linear  40  drodecaborate  salt  of  a  certain  class,  and  these  distin- 
foot  may  be  conveniently  defined  as  the  "mass  ratio.”  guish  the  pyrotechnic  compositions  within  this  inven- 

The  requirements  of  the  explosive  to  propagate  at  the  tion  from  other  pyrotechnic  or  incendiary  composi- 

desired  speed  and  ignite  the  pyrotechnic  composition  tions. 

place  certain  restrictions  on  the  type  of  explosive,  the  The  pyrotechnic  materials  taught  for  this  invention 
core  load,  and  mass  ratio  preferred  for  the  explosive  45  are  unusual  in  that  the  subject  class  of  pyrotechnic  com- 
cords  useful  in  this  invention.  _  positions  do  not  exhibit  •  detonation  upon  confinement 

Preferred  explosive  materials  for  the  cords  incorpo-  Normally,  the  burning  of  any  composition  containing  s 
rated  in  this  invention  are  materials  which  have  a  bri-  high  energy  component,  such  as  those  employing  nitro- 

sance  equal  to  at  least  90%  that  of  trinitrotoluene  glycerine  or  other  commercial  explosives,  black  pow- 

(TNT),  and  a  heat  of  explosion  in  excess  of  600  calories  50  der,  and  compositions  employing  a  free  metal  and  oxi- 
per  gram.  The  term  brisance  reference  to  the  shattering  dizer,  such  as  aluminum  and  potassium  perchlorate, 

power  of  the  explosive  and  the  heat  of  explosion  refers  results  in  a  transformation  to  a  detonation  under  even 

to  the  self-contained  energy  released  when  the  subject  mild  confinement  conditions,  making  them  unsuitable 
material  undergoes  a  detonation;  these  definitions  are  for  ignition  purposes.  The  compounds  of  this  invention, 
elaborated  upon  in  any  common  reference  work  on  55  however,  can  be  formulated  to  deflagrate  uniformly 
explosives,  such  as  Basil  T.  Fedoroff,  "Encyclopedia  of  with  a  very  fast  rate,  but  not  detonate.  Thus,  the  advan- 

Explosives  and  Related  Items.”  Representative  high  tages  of  extremely  high  heat  and  gas  output,  without  the 

explosive  materials  which  have  properties  satisfactory  accompanying  detonation  shock  effects,  are  achieved  in 
for  the  present  invention,  and  which  can  be  readily  the  present  invention. 

incorporated  into  the  detonating  cords,  are  cyclotri-  60  The  simple  decahydrodecaborate  salts  taught  for  ust 
methylenetrinitramine  (RDX),  cyclotetramethylenetet-  herein  are  compounds  of  the  general  chemical  formula 
ranitramine  (beta-HMX),  pentaerythritol  (PETN),  hex- 
anitrostilbene  (HNS),  and  dipicramid  (DIPAM). 

Preferred  sheathing  metals  for  the  forementioned 

explosives  are  aluminum,  silver,  and  lead,  the  lead  mate-  65  where  M  is  a  cation  or  complex  cation  incorporatinf 
rial  being  especially  preferred  for  the  cords  useful  in  this  hydrogen,  nitrogen,  carbon,  or  metals,  or  some  combi- 
invention.  Preferred  limits  on  the  explosive  distribu-  nation  thereof,  and  is  chosen  from  the  list  given  below, 

lions  fcvd  n.mi  ratios  of  the  foreuieutiofied  explosives  m  *  n  lh*  wraibrt  of  M  id  >■  ai*l  >  ii  equal  lo- 
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(i  tunes  the  ulrnce  of  (he  M  ion)/2 

The  compound!  may  further  be  defined  as  certain 
ults  of  decahydrodecaboric  acid,  and  thus  contain  as  a  5 
common  ion  the  decahydrodecaborate  (  —  2)  anion 
BtjHio”1- 

The  cation  M  is  herein  defined  by  the  following 
classes. 

A  ammonium,  NH4  +  .  wherein  the  salt  has  the  for-  10 
mull  (NH^BioHio.  and  is  described  by  KNOTH  U.S. 

Pat  No.  3,148,938. 

B  hydrazinium,  NH,NH3  +  ,  wherein  the  salt  has  the 
formula  (NH2NH3)2B,oH,o.  and  is  described  by 
KNOTH  U.S  Pat.  No.  3,148,938.  15 

C  subsututed  ammonium  cations,  wherein  the  salt 
has  the  general  formula  (R}NH)2B,oH|o.  where  R  can  be 
hydrogen  (H)  or  alkyl  radical  (preferred  radicals  con¬ 
tain  less  than  si*  (6)  carbon  atoms).  The  R's  in  the  pre¬ 
ceding  formula  may  represent  different  alkyl  groups.  20 
Compounds  with  two  or  three  hydrogen  radicals  are 
described  by  KNOTH  U.S.  Pat.  No.  3,149,163.  Typical 
canons  are  methylammonium  (CH3)NH3,  dimethylarn- 
momum  (CH1)JNHJ,  trtmethylammonium  (CH3)3NH, 
and  methylammonium  (CH3CH3)3NH.  25 

D.  substituted  hydrazinium  cations,  wherein  the  sal! 

has  the  general  formula  (R2NNR2H)2B,oH|o,  where  R 
can  be  hydrogen  (H)  or  an  alkyl  radical  (preferred  radi¬ 
cals  contain  lets  than  si*  (6)  carbon  atoms),  and  the 
substituted  alkyl  groups  can  be  symmetric  or  assymmet-  30 
rtc  with  respect  to  the  N=N  linkage.  Symmetric  substi¬ 
tuted  canons  are  described  by  KNOTH  U.S.  Pat.  No. 
3,149,163.  An  example  of  an  unsymmetnc  substituted 
cation  ts  (1,1)  dimethylhydrazinium.  The  R's  in  the 
preceding  formula  may  be  mixed  alkyl  radicals.  35 

E.  quaternary  ammonium  salts  of  the  general  formula 

(R^NljBioHio.  where  R  is  an  alkyl  radical;  the  R's  in  the 
preceding  formula  may  represent  mixed  alkyl  groups. 
Examples  of  typical  cations  are  tetramethylammonium 
(CH3)4N*  and  tetraethylammonium  (CH3CH2)4N.  40 

F.  aryl  containing  cations,  such  as  pyridinium, 
bipyndimum.  or  substituted  aryl  cations,  such  as  aryl- 
diazonium  cations. 

G.  guamdinium  ion,  C(NH2)3+,  wherein  the  salt  has 
the  formula  (C(NH2)3)2B|oH,o,  and  is  further  described  45 
in  a  copending  application  of  common  assignment  enti¬ 
tled  BIS-GUANDINIUM  DECAHYDRODECABO¬ 
RATE,  filed  June  10,  1976,  with  Ser.  No,  694,627. 

H.  metal  ions,  derived  from  metals  defined  by  a  Peri¬ 
odic  Table  such  as  that  in  the  “Handbook  of  Chemistry  50 
and  Physics,"  54th  Edition,  inside  front  cover,  by  the 
elements  in  Groups  1,  2,  8,  36,  46,  56,  66  and  76,  and  the 
elements  of  Groups  3 a,  4a,  5a,  and  6a  with  atomic  num¬ 
bers  greater  than  5,  14,  33,  and  52  respectively.  These 
metal  decahydrodecaborate  salts  are  further  described  55 
by  KNOTH  U.S.  Pat.  No.  3,148,939.  Representative 
examples  of  such  metal  salts  are  Cs2B)0H10  and 
K]B,oH|o  the  simple  cesium  and  potassium  silts  of 
decahydrodecaborate  acid. 

These  simple  salts  of  the  decahydrodecaborate  (—2)  60 
ion  (chemical  formula  B|oH,0-J)  are  conveniently  pre¬ 
pared  by  stoichiometrically  reacting  an  aqueous  solu¬ 
tion  of  the  parent  acid,  dihydrogen  decahydrodecabo- 
rite,  H2BI0H1»  with 

I.  a  soluble  hydroxide  of  the  desired  cation,  such  as  65 
ammonium  hydroxide, 

2.  the  conjugate  Bronsted  base  of  the  desired  cation, 
such  as  a  free  amine,  or 


6 

3.  a  soluble  salt  of  the  desired  cation,  such  that  the  salt 
anion  is  destroyed  during  the  reaction,  such  as  guani¬ 
dine  carbonate.  A  Bronsted  base  is  any  substance  capa¬ 
ble  of  accepting  a  proton  in  a  reaction;  the  definition  is 
elaborated  upon  in  any  elementary  chemistry  text,  such 
as  Dickerson,  Gray  and  Haight,  “Chemical  Principles, 
2nd  Edition,”  1974,  pg.  135. 

.  The  aqueous  solutions  of  the  salts,  prepared  above, 
may  r>e  evaporated  to  dryness  to  recover  the  crystalline 
salt.  Alternately,  some  salts  may  be  precipitated  from 
the  aqueous  solution  by  a  nonsolvent  that  is  miscible 
with  water.  The  salts  may  be  purified  by  recrystalliza¬ 
tion. 

The  aqueous  decahydrodecaboric  acid  used  as  a  start¬ 
ing  material  for  the  process  of  this  invention  is  conve¬ 
niently  prepared  by  passing  an  amine  or  metal  salt  of  the 
decahydrodecaborate  (—2)  ion  through  a  column  con¬ 
taining  a  strongly  acidic  ion  exchange  resin  of  the  sul¬ 
fonic  acid  type,  such  as  "Duolite”  type  “C-20",  acid 
form  (Diamond  Shamrock  Corporation).  Preferred 
starting  salts  are  bis  (triethylammonion)  decahy¬ 
drodecaborate  (—2)  and  disodium  decahydrodecabo¬ 
rate  (  —  2).  The  preparation  and  properties  of  the  aque¬ 
ous  acid  and  additional  preparative  methods  for  metal¬ 
lic  salts  are  described  in  more  detail  in  U.S.  Pat.  No. 
3,148,939. 

The  compositions  of  this  invention  make  use  of  the 
unique  decomposition  properties  of  the  decahy¬ 
drodecaborate  (  —  2)  ion,  a  bicapped  square  antiprism 
polyhedral  ion  with  unusual  stability;  the  ion  is  believed 
to  be  kinetically  rather  than  thermodynamically  stabi¬ 
lized.  The  ion  demonstrates  an  unusually  fast  decompo¬ 
sition  upon  oxidation,  which  is  believed  to  proceed 
through  the  labile  apical  hydrogen  atoms  bonded  to  the 
cage. 

The  pyrotechnic  compositions  contemplated  for  use 
within  the  present  invention  are  conveniently  further 
divisible  into  two  classes,  said  classes  being  distin¬ 
guished  by  the  method  of  combining  the  simple  decahy¬ 
drodecaborate  salt  with  the  oxidizer. 

Class  (1) 

The  compositions  of  Class  (1)  consist  of  intimate 
physical  mixtures  of  a  decahydrodecaborate  salt,  se¬ 
lected  from  the  forementioned  list  of  such  salts,  with  a 
finely  divided  oxidizing  agent. 

The  compositions  of  this  invention  are  prepared  by 
intimately  mixing  the  finely  divided  constituents  by 
band  or  in  conventional  mixing  equipment.  A  liquid 
carrier  such  as  butyl  acetate  or  trichloroethylene  may 
be  employed  to  facilitate  mixing  or  addition  of  binder; 
the  liquid  is  subsequently  evaporated  to  yield  the  dry 
composition. 

The  particle  size  of  such  decahydrodecaborate  (—2) 
salts  are  controlled  during  their  preparation  of  the  reac¬ 
tion  conditions,  method  of  recrystallization,  speed  of 
Tecrystallization,  and  optionally,  by  subsequently  grind¬ 
ing  and/or  sieving,  with  or  without  a  liquid  carrier.  The 
particle  size  of  the  oxidizing  agent  is  controlled  com¬ 
monly  by  grinding  to  the  prescribed  particle  size,  with 
subsequent  sieving.  The  sieve  size  for  both  decahy¬ 
drodecaborate  salt  and  oxidizer  is  normally  between  the 
limits  40  mesh  and  325  mesh  (which  specifies  only  the 
maximum  particle  size  in  the  mix). 

Non-metallic  pyrotechnic  compositions  of  Class  (1) 
are  further  described  in  detail  in  a  copending  applica¬ 
tion  of  common  assignment  entitled  IGNITION  AND 
PYROTECHNIC  COMPOSITIONS,  filed  June  10, 
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1976  ind  assigned  Ser.  No.  694,625,  which  is  incorpo- 
r«ied  herein  by  reference.  Meullic  pyrotechnic  compo- 
snions  included  wiihin  class  (1)  are  further  described  in 
Armstrong.  U.S.  Pat.  No.  3,126,305. 


Class  (2)  3 

The  composiiions  of  Class  (2)  are  comprised  of  an 
intimaie  blend  of  a  decahydrodecaborate  sait,  selected 
from  the  preceding  list,  with  an  oxidizing  agent,  in  a 
manner  such  that  a  chemically  and  physically  different  10 
product  is  obtajned  from  the  starting  materials. 

The  process  by  which  the  compositions  of  this  class 
»re  prepared  produces  a  very  intimate  blend  of  decahy- 
drodecaborate  (  —  2)  ion  with  the  oxidizer  and  males  the 
compositions  so  prepared  chemically  and  physically  15 
unique  from  physical  blends  of  decahydrodecaborates 
(-2)  salts  with  oxidizer  or  pyrotechnic  compositions 
incorporating  decahydrodecaborate  (—2)  salts  pro¬ 
duced  by  other  means.  In  general,  the  process  consists 
of  dissolving,  in  a  suitable  solvent,  a  decahydrodecabo-  20 
rale  (  —  2)  salt,  as  described  above,  and  also  dissolving, 
in  the  same  solution,  an  oxidizing  agent,  as  described 
shove.  The  subject  composition  is  recovered  by  precipi- 
tanng  the  composite  ingredients  of  the  solution  with  a 
suitable  nonsolvent.  The  resulting  solid,  after  filtration  25 
and  drying,  comprises  an  intimate  mixture  of  the 
decahydrodecaborate  (-2)  anion  with  the  oxidizing 
cation  or  substance,  in  a  form  that  is  chemically  and 
physically  different  than  the  starting  material* 

The  process  may  be  properly  called  a  ‘‘cocrystalliza-  30 
tion  or  coprecipitation"  and  the  resulting  produce  a 
‘‘cocrystallate"  or  "coprecipitate." 

The  materials  of  Class  (2)  and  process  for  preparing  i 

them  is  described  in  more  detail  in  a  copending  applica-  i 
tion  of  common  assignment  entitled  COPRECIPI-  35  i 
TATED  PYROTECHNIC  COMPOSITION  PRO-  I 

CESSES  AND  RESULTANT  PRODUCTS,  filed  s 

June  10,  1976  as  Scr.  No.  694,626,  which  is  incorporated  i 

herein  by  reference.  t 

The  essential  component  of  both  Class  (1)  and  Class  40  t 
(2)  compositions  is  an  oxidizing  agent  i.e.,  a  material  r 

that  will  readily  react  or  burn  when  mixed  with  the  i 

decahydrodecaborate  (-2)  salt.  Any  solid  oxidizing 
agent  which  will  yield  oxygen  upon  decomposition  will  r 
fulfil!  this  role;  solid  oxygen  containing  metal  or  non-  45  r 
metal  salts  are  preferred  because  of  their  availability,  s 
stability,  and  ease  of  incorporation  into  the  composi-  u 
tion.  Solid  o xidizing  agents  useful  in  Class  (2)  must  meet  ii 
certain  solubility  criteria,  as  listed  in  the  referenced 
description  of  the  coprecipitation  process.  50 

In  general,  solid  oxidizing  agents  include  ammonium, 
subs  muted  ammonium,  gaunidine,  substituted  guani-  d 
dine,  allcaii  and  alkaline-earth  salts  of  oxygen  containing  c 
acids  such  as  nitric,  perchloric,  permanganic,  manganic,  si 
chromic,  and  dichromic  acids.  Preferred  species  for  this  55  m 
invention,  which  gave  good  thermal  stability  and  low  p 
hygrosccpicUy  include  ammonium  nitrate,  potassium  ui 
nitrate,  potassium  perchlorate,  ammonium  perchlorate,  ci 
guanidine  nitrate,  triaminoguanidine  nitrate,  potassium  la 
permanganate,  sodium  chromate,  barium  nitrate,  bar-  60  la 
ium  chromate,  barium  manganate,  sodium  dichromate,  ex 
tetramethylammonium  nitrate  and  cesium  nitrate.  Other  la 
solid  oxidizing  agents  which  could  be  used  if  the  appro-  ex 
priate  solvent/ nonsolvent  system  were  used  include  t© 
ammonium,  substituted  ammonium,  guanidine,  substi-  65 
tuted  guanidine,  alkali  and  alkaline-eanh  Salt*  of  xxt.htf  de 
oxygen-containing  acids  such  as  chloric,  persulfuric,  cc 
thiosulfuric,  periodic,  iodic  and  bromic  acids.  Other  tn 


stable  oxidizers  include  lead  thiocyanate,  the  oxides  and 
peroxides  of  the  light  and  heavy  metals  and  nonmetals 
such  as  barium  peroxide,  lead  peroxide  (PbOj),  lithium 
peroxide,  ferric  oxide,  red  lead  (PbjO*),  cupric  oxide 
3  tellurium  dioxide,  antimonic  oxide,  etc.,  and  nonionic 
substances  such  as  nitrocellulose,  nitroguanidine,  and 
.  cyclotetramethylenetetranitramine  (HMX).  Mixtures  of 
the  aforementioned  oxidizing  agents  can  also  be  used 
Optionally,  additives  to  both  Class  (1)  and  (2)  compo- 
0  sitions  may  be  employed  to  alter  the  processing,  han¬ 
dling,  or  other  properties  of  the  mix.  These  may  include 
binders  such  as  caesin,  gum  irabic,  dextrins,  waxes, 
polymeric  materials  such  as  polyurethanes,  epoxies 
natural  or  synthetic  rubbers,  copolymers  of  a  rubber 
5  and  plastic  such  as  styrene-butadiene,  methyl  cellulose 
and  nitrocellulose.  Polyethylene  glycol  of  average  mo^ 
lecular  weight  4000  is  a  preferred  species.  These  op¬ 
tional  ingredients  would  commonly  be  used  in  concen¬ 
trations  up  to  8%  by  weight  of  the  total  weight  of  the 
)  pyrotechnic  materials  used  as  taught  herein. 

TTie  pyrotechnic  compounds  taught  herein  prefera- 
bly  have  the  particular  salts  of  decahydrodecaboric  acid 
constituting  from  between  approximately  6-30%  by 
weight  of  the  total  pyrotechnic  compound.  With  re¬ 
spect  to  the  simple  nonmctallic  salts,  critical  mole  ratios 
of  salt  to  oxidizer  have  been  discovered,  as  further  elab- 
orated  upon  in  the  copending  application  Ser.  No 
694,625,  previously  incorporated  by  reference  herein. 

A  convenient  method  of  packaging  the  decahy¬ 
drodecaborate  salt  pyrotechnic  compositions  for  incor¬ 
poration  into  the  subject  ignition  devices  is  to  first  clad 
the  pyrotechnic  composition  within  a  metal  tube  to 
form  a  linear  cord,  in  a  manner  identical  with  that  de¬ 
scribed  for  sheathing  the  high  explosive  detonating 
cords.  Multiple  cords  of  the  pyrotechnic  material  can 
then  be  used  to  fabricate  the  subject  device,  by  laying  or 
spiraling  the  pyrotechnic  cords  around  the  central  ex¬ 
plosive  cord.  Lead  is  a  preferred  cladding  metal;  pyro¬ 
technic  core  loads  between  3  and  80  grains  of  composi- 
tion  per  linear  foot  and  mass  ratios  between  8  and  35  are 
preferred  for  pyrotechnic  cords  taught  for  the  subject 
ignition  devices. 

As  has  been  noted,  the  present  invention  significantly 
requires  an  intimate  juxtapositioning  of  the  subject  py¬ 
rotechnics  around  the  sheathed  detonating  high  explo¬ 
sive  cord.  Hence,  a  consideration  of  an  exemplary  man¬ 
ufacturing  procedure  is  helpful  to  a  further  understand¬ 
ing  of  the  present  invention. 


Manufacture  of  Ignition  Devices 

The  method  of  manufacturing  the  subject  ignitor 
devices  is  critical  to  their  successful  function.  The  prin¬ 
ciple  of  operation  of  the  device  requires  that  the  explo¬ 
sive  stimulus  shatter  the  layer  or  layers  of  sheathing 
materials  separating  the  explosive  materials  from  the 
pyrotechnic  material,  and  either  bv  shock  or  flame  stim¬ 
ulus,  ignite  the  pyrotechnic  materials.  This  requirement 
can  be  embodied  in  •  cord  in  which  the  successive 
layers  of  material  —  central  explosive  composition.  1 
layer  or  layers  of  sheathing  material,  and  pyrotechnie 
composition  are  in  intimate  contact,  and  the  sheathing 
layer  is  thin  enough  to  shatter  or  effectively  transmit  the 
explosive  shock  and  accompanying  flame  to  the  pyro¬ 
technic  material. 

A  preferred  method  of  manufacturing  the  subject 
de.iea  fuifTHs  the  fureiiieniioneo  requirement 

consists  of  first  assembling  a  bundle  consisting  of  i  cen-  > 
trai  explosive  cord,  which  may  be  of  an  extruded  v 
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metal  sheathed  configuration,  as  described  above,  and 
surrounding  it  with  several  cords,  consisting  of  metal 
clad  decahydrodecaborate  pyrotechnic  materials  as 
defined  above.  The  pyrotechnic  cords  may  be  extended 
in  a  linear  form  along  the  central  explosive  cord.  The 
number  of  cords  is  not  critical,  but  the  number  must  be 
sufficient  to  incorporate  the  desired  distribution  of  py¬ 
rotechnic  in  the  final  device;  in  general,  for  ease  of 
handling,  more  than  three  and  less  than  13  cords  are 
preferred.  The  method  of  assembling  the  pyrotechnic 
cords  around  the  central  core  is  determined  somewhat 
by  the  diameters  of  the  pyrotechnic  cords  and  the  cen¬ 
tral  cord,  and  it  is  essential  that  each  of  the  pyrotechnic 
cords  be  ir.  intimate  contact  with  the  expletive  aloi.g  its 
full  length.  This  requirement  eliminates,  for  example, 
such  configurations  as  those  made  by  braiding  the  pyro¬ 
technic  cords  around  the  central  cord. 

The  critical  manufacturing  step  in  this  and  other 
methods  of  manufacturing  the  subject  devices  consists 
in  achieving  a  cross-sectional  area  reduction  on  the 
assembled  bundle,  so  that  the  pyrotechnic  cladding  and 
explosive  cord  sheath  are  brought  into  very  intimate 
contact,  in  essence,  fused  together.  FIG.  4  illustrates 
that  a  convenient  way  of  bringing  about  the  area  reduc- 
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Other  methods  of  manufacture  of  the  subject  devices 
which  bring  about  the  required  intimacy  of  the  individ¬ 
ual  components  will  be  evident  to  those  practiced  in  the 
art  of  assembly  of  linear  and  cord  explosive  and  pyro¬ 
technic  devices,  and  the  above  method  of  manufacture 
is  no!  intended  to  be  limiting.  For  example,  the  subject 
devices  could  alternatively  be  manufactured  by  sus¬ 
pending  the  explosive  central  cord  concentrically  in  a 
meial  tube  whose  inside  diameter  is  larger  than  the 
outside  diameter  of  the  central  cord,  and  the  void 
formed  by  these  surfaces  filled  with  the  decahy¬ 
drodecaborate  pyrotechnic  material.  Spacers  inserted  at 
intervals,  as  the  pyrotechnic  material  is  loaded,  could 
scrvt  to  support  the  central  ccrd  and  improve  unifot 
15  mity  of  the  pyrotechnic  loading.  The  loaded  assembly 
would  then  be  capped  and  drawn  through  a  series  of 
dies  until  the  desired  compaction  and  area  reduction  is 
achieved. 

Alternately,  one  could  start  with  a  metal  tube  whose 
cross-sectional  area  resembles  a  wagon  wheel,  i.e.,  with 
a  central  "hub"  or  enclosed  aperture  into  which  the 
explosive  material  is  introduced  with  a  series  of  outer 
apertures,  mutually  separated  from  each  other  by  the 
spokes"  into  which  the  pyrotechnic  material  is  loaded. 
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tion 


is  to  place  a  number  of  metal  clad  pyrotechnic  25  The  a5s=mbly  is  caPPed  and  the  area  reduced  in  the 


cords  31  about  sheathed  detonating  cord  32,  and  fit  this 
bundle  inside  a  tightly  fitting  outer  tube  of  a  metal,  such 
as  lead,  aluminum,  or  silver,  as  shown  at  30.  The  pyro¬ 
technic  cords  31  are  preferably  spiraled  about  cord  32. 
The  tube  and  bundle  assembly  is  then  swaged  or  drawn 
through  a  series  of  dies  such  that  the  cross-sectional 
area  of  the  assembly  is  reduced,  for  example  to  the 
configuration  34  shown  in  FIG.  5.  The  area  reduction 


30 


same  manner  as  described  above,  in  order  to  achieve  the 
required  intimate  compaction  of  all  the  components 
within  the  resultant  matrix  defining  the  present  inven¬ 
tion. 

It  should  be  noted  that  the  area  reduction  is  consid¬ 
ered  necessary  for  all  configurations  and  embodiments, 
and  specific  examples  now  follow  to  further  illustrate 
manufacturing  principles  and  resultant  ignition  func- 
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results  in  deformation  and  elongation  of  the  bundle  35  intTvC“Sn  embodiments  of  the  pres 

inside  the  tube,  bringing  the  respective  explosive 
sheathing  layer  and  pyrotechnic  cladding  layers  into 
very  tight  contact.  Preferred  area  reductions  which  will 


accomplish  the  required  compaction  and  deformation 
are  10  to  60%.  The  configuration  34  may  include  the 
tube  30,  or  the  tube  30  may  be  removed  to  leave  a  metal¬ 
lic  matrix  of  the  sheathing,  cladding,  explosive  and 
pyrotechnic. 

An  alternate  method  of  providing  the  required  area 
reduction  consists  of  drawing  or  swaging  the  assembled  45 
cord  bundle  through  a  scries  of  dies  without  using  a 
metal  tube  as  an  additional  outer  cladding  cover.  In  this 
form,  a  layer  of  glass  or  fabric,  such  as  36  in  FIG.  5,  may 
then  be  braided  over  the  external  surface  of  the  finished 


Through  the  following  examples,  the  significant  pa¬ 
rameters  of  the  present  invention  arc  illustrated.  In  each 
example  the  detonating  cords  and  pyrotechnic  cords  are 
referenced  to  their  respective  linear  distributions  and 
mass  ratios.  It  should  be  noted  that  the  initial  outer 
diameters  of  the  various  high  explosive  detonating 
cords,  and  the  initial  outer  diameters  and  numbers  of 
concentrically  arranged  pyrotechnic  cords  are  not  par¬ 
ticularly  critical. 

In  the  following  examples,  the  detonating  cords  had 
initial  outer  diameters  of  approximately  0.080  inches. 
The  metal-clad  pyrotechnic  cords  had  initial  outer  di¬ 
ameters  in  the  range  0.080  to  0.125  inches.  Of  course, 

ibr  delidiun  Jt  eidier  emnpuww  ly  U,*’1  diet-  Jbb- 


device,  or  alternately,  an  extruded  plastic  layer  may  be  50  tion.  of  explosive  or  pyrotechnic  material,  and  it*  as  so- 


applied  on  the  outer  surface.  Such  an  outer  covering  or 
encapsulment  is  required  only  to  protect  or  hold  the 
assembly  together;  the  radial  deflagration  phenomenon 
derives  from  the  unique  pyrotechnic  materials  them¬ 
selves.  This  latter  method  of  manufacture  is  preferred  55 
when  a  low  metal  content  is  desired  for  the  finished 
device,  such  as  for  use  in  large  caliber  gun  ignitors  or 
where  light  weight  in  the  device  is  a  system  require¬ 
ment. 

FIG.  6  illustrates,  in  a  sectional  view,  spirals  of  pyro-  60  pacted  explosive  and  pyrotechnic  volumes, 
technic,  38,  around  the  sheathed  detonating  cord,  with 
metallic  cladding  40  fused  between  respective  spirals. 

The  cross-sectional  configuration  of  the  finished  de¬ 
vice  is  not  critical,  and  can  be  altered  by  the  cross-sec¬ 
tional  configuration  of  the  dies  used  to  produce  the  final  65 
device.  Examples  of  geometric  cross-sectional  shapes 
wlJ^h  a, e  tt*tlsTa*,t*jf  j  for  xh*  subject  device^  include 
round,  square,  oval,  or  hexagonal. 


cialed  mass  ratio  practically  defines  the  approximate 
outer  diameters.  During  the  mechanical  forming  manu¬ 
facturing  step,  the  metal  cladding  is  radically  com¬ 
pressed  upon  the  respective  crystalline  explosive  and 
pyrotechnic  components,  increasing  their  respective 
densities,  without  effecting  the  overall  mass  ratios  of 
each  component  at  all.  The  area  reduction  mechanism  is 
the  results  in  the  filling  of  any  initial  voids  to  create  an 
intimate  metallic  matrix  around  substantially  com- 


EXAMPLE  I 


A  bundle  consisting  of  one  central  denotating  high- 
explosive  cord  of  lead  sheathed  RDX,  2.5  grains  per 
linear  foot  and  mass  ratio  42,  is  sun-ounded  by  6  lead 
clad  pyrotechnic  cords  containing  25%-by-wcight  ce- 
xluiu  detudiyuiudccaburale  coprecipitateo  wilh  75*/o- 
by-weight  potassium  nitrate,  12.5  grains  per  linear  foot 
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and  of  mass  raiio  15.  The  pyrotechnic  cords  are  posi¬ 
tioned  linearly  along  the  explosive  cord  length  and 
inserted  inside  a  lead  tube  of  outside  diameter  0.628 
inches,  simply,  to  act  as  a  further  outer  encapsulment 
for  the  assembly.  The  cord  and  tube  assembly  is  swaged  5 
to  an  outside  diameter  of  0.532  inches,  corresponding  to 
an  area  reduction  of  28%.  The  finished  assembly  inside 
the  tube  is  approximately  18  inches  long,  with  8  inch 
leads  of  all  the  cords  protruding  from  both  ends.  The 
above-noied  linear  distributions  of  explosive  anJ  pyio-  10 
technic  materials  remained  substantially  constant 
through  the  area  reduction. 

The  unit  is  securely  mounted  on  a  test  stand.  The 
pyrotechnic  cords  on  one  end  of  the  unit  are  capped  and 
shielded  from  the  explosive  cord  ends  by  an  aluminum  15 
plate,  such  that  the  uncapped  end  of  the  explosive  cad 
protrudes  through  a  hole  in  the  plate  while  the  pyro¬ 
technic  cords  remain  behind  the  plate.  The  purpose  of 
the  plate  is  to  shield  the  pyrotechnic  lines  from  the 
detonator  and  explosive  cord  flash,  to  demonstrate  that  20 
the  lines  ignited  inside  the  swaged  tube  by  the  confined 
explosive  impetus.  A  number  8  detonating  cap  is  at¬ 
tached  to  the  protruding  explosive  cord. 

1  iie  unit  is  functioned  by  lemoiely  detonating  die 
cap.  High  speed  motion  picture  photography  demon-  25 
strates  that  the  unit  has  a  linear  propagation  in  excess  of 
£4(0  meters  per  second,  characteristic  of  the  RDX 
detonation  front  speed,  and  has  a  radial  expansion  of 
approximately  250  meters  per  second  (9800  inches  per 
second),  characteristic  of  the  decahydrodecaborate  30 
deflagration  speed.  Post  fire  examination  of  the  remains 
show  that  all  the  pyrotechnic  cords  have  completely 
ignited.  Several  small  fragments  of  the  outer  encapsulat¬ 
ing  tube  remain. 

EXAMPLE  II 

A  bundle  consisting  of  one  central  detonating  high- 
explosive  cord  of  lead  sheathed  RDX,  2.4  grains  per 
linear  foot  and  mass  ratio  42,  is  surrounded  by  5  lead 
clad  pyrotechnic  cords  containing  15%-by-weight  bis- 
tetramethylammonium  decahydrodecaborate  coprecip¬ 
itated  with  85%-by-weight  potassium  nitrate,  15  grains 
per  linear  foot  and  of  mass  ratio  12.  The  pyrotechnic 
cords  are  spiraled  around  the  explosive  cord  length  and 
inserted  inside  a  lead  tube  of  outside  diameter  0.455 
inches  which  serves  as  an  outer  encapsulment.  The  cord 
and  tube  assembly  is  swaged  to  an  outside  diameter  of 
0.348  inches,  corresponding  to  an  area  reduction  of 
42%.  The  finished  assembly  inside  the  outer  tube  is 
approximately  18  inches  long,  with  8  inch  leads  of  all 
the  cords  protruding  from  both  ends. 

The  unit  is  tested  in  a  manner  identical  with  Example 
I.  All  pyrotechnic  cords  function  completely.  Several 
small  fragments  of  the  outer  encapsulation  remain.  The 
event  is  characterized  audially  by  a  loud  "crack,”  indi¬ 
cating  to  those  practiced  in  the  art  that  the  effective 
event  was  a  deflagration  rather  than  a  detonation. 

EXAMPLE  III 

A  bundle  consisting  of  one  central  detonating  high- 
explosive  cord  of  lead  sheathed  RDX,  2.5  grains  per 
linear  foot  and  mass  ratio  42,  is  surrounded  by  6  lead 
clad  pyrotechnic  cords  containing  25%-by-weight  ce¬ 
sium  decahydrodecaborate  coprecipitated  with  75%- 
by-weight  potassium  nitrate,  12.5  grains  per  linear  foot  65 
and  of  mass  ratio  15.  The  pyrotechnic  cords  are  ar¬ 
ranged  linearly  along  the  explosive  cord  length  and 
inserted  inside  an  encapsulment  tube  of  aluminum,  of 


12 

outer  diameter  0.500  inches.  The  cord  and  tube  assem¬ 
bly  is  swaged  to  an  outside  diameter  of  0.401  inches, 
corresponding  to  an  area  reduction  of  36%.  The  fin¬ 
ished  assembly*  inside  the  tube  is  approximately  12 
inches  long,  with  8  inch  leads  of  all  the  cords  protruding 
from  both  ends. 

The  unit  is  tested  in  a  manner  identical  with  Example 
I.  AlLpyrotechnic  cords  function  completely.  The  outer 
aluminum  excapsulating  layer  is  ruptured.  High  speed 
motion  picture  photography  indicates  the  linear  propa¬ 
gation  speed  is  that  characteristic  of  a  detonation. 

EXAMPLE  IV 

A  bundle  consisting  of  one  central  detonating  high- 
explosive  cord  of  lead  sheathed  HNS,  4.1  grains  per 
linear  foot  and  mass  ratio  44,  is  surrounded  by  5  lead- 
clad  pyrotechnic  cords,  each  containing  15%-by- 
weight  bis-tetramethylammonium  decahydrodecabo¬ 
rate  coprecipitated  with  75%-by-weight  potassium  ni¬ 
trate,  27  grains  per  linear  foot  and  mass  ratio  8.  The 
pyrotechnic  cords  are  spiraled  around  the  central  cord 
explosive  length  and  held  in  place  with  tape.  The  t  ed 
assembly  is  drawn  through  a  square  die  to  a  dimension 
0.2iX)  inch  on  a  side.  The  area  reduction  is  46%.  i  ne 
drawn  assembly  is  then  braided  over  its  exterior  surface 
with  a  tight  braid  of  fiberglass  in  a  loose  (open)  weave. 
This  form  of  oultr  encapsulmei.t  is  -iaed  merel  y  to  pro¬ 
tect  the  igniter  configuration.  Eight  inches  of  each  of 
the  cords  protrudes  from  the  end  of  the  finished  assem¬ 
bly,  which  is  approximately  18  inches  long. 

The  unit  is  mounted  in  a  test  fixture  in  a  manner 
identical  with  Example  I  except  that  a  chicken  wire 
screen  envelopes  the  entire  assembly  to  capture  any 
fragments  that  may  remain  after  function. 

The  unit  is  tested  in  a  manner  identical  with  Example 
I.  High  speed  motion  picture  photography  confirms 
that  the  longitudinal  propagation  velocity  is  in  excess  of 
6000  meters  per  second  and  the  radial  expansion  ap¬ 
proximately  250  meters  per  second.  No  fragments  of 
any  kind  remain  in  the  test  setup,  indicating  that  the  unit 
functioned  completely,  vaporizing  the  lead  matrix  as 
well  as  all  of  the  outer  encapsulating  materials.  This 
example  illustrates  functioning  of  the  preferred  embodi¬ 
ment  of  the  invention,  as  illustrated  in  FIG.  3  of  the 
drawings. 

EXAMPLE  V 

A  36  inch  length  of  lead  sheathed  RDX,  2.5  grains 
per  foot  and  mass  ratio  42,  is  taped  tightly  on  an  alumi¬ 
num  plate  against  an  aluminum  clad  pyrotechnic  cord 
containing  25%-by-weight  cesium  decahydrodecabo¬ 
rate  coprecipitated  with  75%-by-weight  potassium  ni¬ 
trate,  12  grains  per  linear  foot  and  mass  ratio  14.  The 
ends  of  the  pyrotechnic  cord  are  coated  with  an  epoxy 
and  shielded  from  the  ends  of  the  explosive  cord.  A 
number  8  detonating  cap  is  attached  to  the  explosive 
cord  and  detonated. 

The  detonating  cap  is  functioned  remotely.  The  ex¬ 
plosive  cord  functions  completely.  The  pyrotechnic 
cord  fails  to  ignite.  The  test  demonstrates  that  the  explo¬ 
sive  and  pyrotechnic  cords  must  be  brought  into  inti¬ 
mate  contact  by  a  drawing  or  swaging  process  as  j 
requirement  for  successful  manufacture  of  the  devices 
taught  by  the  present  invention. 

EXAMPLE  VI 

A  bundle  consisting  of  one  central  cord  of  lead 
sheathed  HNS,  4.1  grains  per  linear  foot  and  mass  ratio 
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mately  2  to  6  grains  per  lineal  foot  »nd  *  mas*  ratio  of 
lead  to  high  explosive  of  between  approximately  50  to 
12,  by  •••“'ght. 

9.  An  igniter  device  as  in  claim  5  wherein  said  pyro¬ 
technic  material  includes  an  oxidizer  selected  from  the  5 
group  consisting  of  ammonium  nitrate,  potassium  ni¬ 
trate,  potassium  perchlorate,  ammonium  perchlorate, 
guanidine  nitrate,  tnaminoguanidine  nitrate,  potassium 
permanganate,  sodium  chromate,  barium  nitrate,  bar¬ 
ium  chromate,  barium  manganate,  sodium  dichromate,  10 
tetramethylimmomum  nitrate  and  cesium  nitrate. 

10.  An  igniter  device  as  in  claim  5  wherein  said  de¬ 
vice  further  comprises  a  plurality  of  individual  metal- 
clad  pyrotechnic  cords  concentrically  arranged  about, 
and  linearly  extending  along,  said  encapsulated  explo-  15 
stve  wherein  said  individual  metal  clad  pyrotechnic 
cords  are  fused  into  a  metallic  matrix  around  said  high 
explosive  by  said  forming  step. 

11.  An  igniter  device  as  in  claim  5  wherein  said  pyro¬ 
technic  matenal  is  further  the  resultant  product  of  a  20 
coprecipitation  of  one  of  said  group  of  simple  decahy- 
drodecaborate  salts,  and  said  solid  oxidizing  agent,  by 
the  process  of: 

i.  dissolving  both  the  decah yd rodeca borate  (—2)  salt 
and  the  solid  oxidizing  agent  in  a  mutually  soluble  25 
solvent,  at  a  temperature  sufficiently  high  to  main¬ 
tain  said  salt  and  said  oxidizing  agent  in  solution; 

u  forming  a  pressurized  stream  of  said  solution  and 
brining  said  solution  stream  together  with  a  pres¬ 
surized  stream  of  a  miscible  nonsolvent,  under  30 
conditions  of  extreme  turbulence  within  a  mixing 
chamber,  to  effect  a  substantially  complete  copre- 
cipitation; 

tii.  recovering  the  ccprecipitated  product  by  filtering 
the  effluent  frotn  said  mixing  chamber,  and  wash-  35 
ing  said  product  wnth  an  inert  and  nonsolvent  fluid; 

iv.  drying  the  product  to  remove  all  remaining  liquid. 

12.  An  igniter  device  as  in  claim  11  wherein  said 
coprecipiuted  oxidizing  agent  is  selected  from  the 
group  consisting  of  ammonium  nitrate,  potassium  ni-  40 
trate.  potassium  perchlorate,  ammonium  perchlorate, 
guanidine  nitrite,  tnaminoguanidine  nitrate,  potassium 
permanganate,  sodium  chromate,  barium  nitrate,  bar¬ 
ium  chromite,  barium  manganate,  sodium  dichromate, 
tctrimethylimmoniurn  nitrate  and  cesium  nitrate.  45 

13.  An  igniter  device  as  in  claim  12  wherein  said 
device  further  comprises  a  plurality  of  individual  metal- 
clad  pyrotechnic  cords  concentrically  arranged  about, 
and  linearly  extending  along,  said  encapsulated  explo¬ 
sive  wherein  said  individual  metal  clad  pyrotechnic  50 
cords  are  fused  into  a  metallic  matrix  around  said  high 
explosive  by  said  forming  step. 

14.  An  igniter  device  as  in  claim  10  wherein  said 

plurality  of  metal  clad  pyrotechnic  cords  is  between  3 
and  13.  jj 

15.  An  igniter  device  as  in  claim  13  wherein  said 
plurality  of  metal  clad  pyrotechnic  cords  is  between  3 
and  13. 

16.  An  igniter  device  as  in  claim  14  wherein  said 
linear  encapsulation  comprises  an  outer  sheath,  and  said  60 
sheath  and  said  metal  cladding  on  each  of  said  pyro¬ 
technic  cords  are  of  lead,  wherein  further  said  detonat¬ 
ing  cord  has  a  distribution  of  high  explosive  of  between 
approximately  2  to  6  grains  per  lineal  foot  and  a  mas* 
ratio  of  lead  to  high  explosive  of  between  approxi-  65 
mately  50  to  12,  by  weight,  and  each  protechnic  cord 
bn  a  diuribwfcffl  or  salj  pyrotechnic  of  between  *p 
proximitely  3  to  80  grains  per  lineal  foot  and  a  mass 


ratio  of  lead  to  pyrotechnic  material  of  between  approx- 
imately  3  to  35,  by  weight. 

17.  An  igniter  device  as  in  claim  6  wherein  said  cen¬ 
trally  disposed  and  linearly  encapsulated  explosive 
comprises  a  flexible  extended  cord  of  explosive  particles 
within  a  viscoelastic  binder. 

18.  An  igniter  device  as  in  claim  17  wherein  said 
flexible  extruded  cord  further  includes  an  additional 
sheathing  defined  by  a  separate  outer  layer  of  plastic 
material. 

19.  An  igniter  device  aa  in  claim  6  wherein  said  initial 
cross  section  of  said  igniter  is  further  defined  by  an 
additional  layer  of  an  encapsulating  material  as  an  outer 
covering. 

20.  An  igniter  device  aa  in  claim  2  wherein  said  de¬ 
vice  has  a  final  configuration  which  is  the  resultant 
product  of  a  process  wherein  an  initial  cross-sectional 
area  of  said  igniter  is  radially  reduced  by  a  mechanical 
forming  step  which  compacts  said  metal  cladding  radi¬ 
ally  inwardly  to  define  a  final  cross-sectional  area  for 
said  device  which  is  reduced  approximately  10-60  per¬ 
cent  from  said  initial  cross-sectional  area. 

21.  An  igniter  device  as  in  claim  20  wherein  said 
metal  cladding  on  said  pyrotechnic  is  one  selected  from 
the  group  consisting  of  lead,  aluminum  and  silver,  and 
said  simple  decahydrodecaborate  salt  selected  com¬ 
prises  approximately  6-30%  by  weight  of  said  pyro¬ 
technic  material,  and  the  cation  is  further  selected  from 
the  group  consisting  of  tetramethyl  ammonium,  tetra 
ethyl  ammonium,  pyridinium  and  aryl-diazonium  cati¬ 
ons. 

22.  An  igniter  device  as  in  claim  21  wherein  said 
centrally  disposed  high  explosive  is  selected  from  the 
group  consisting  of  cyclotrimethylenetrinitramine 
(RDX),  cyclotetramethylenetetranitramine  (beta- 
HMX),  .  pentaerythritol  (PETN),  hexanitrostilbene 
(HNS),  and  dipicramid  (DIPAM),  and  said  linear  en¬ 
capsulation  comprises  a  sheath  around  said  explosive. 

23.  An  igniter  device  as  in  claim  22  wherein  said  high 
explosive  sheath,  and  said  metal  cladding  on  said  pyro¬ 
technic  material,  are  of  lead,  and  said  detonating  cord 
has  a  distribution  of  high  explosive  of  between  approxi¬ 
mately  2  to  6  grams  per  lineal  foot  and  a  mass  ratio  of 
lead  to  high  explosive  of  between  approximately  50  to 
12,  by  weight. 

24.  An  igniter  device  as  in  claim  20  wherein  said 
pyrotechnic  material  includes  an  oxidizer  selected  from 
the  group  consisting  of  ammonium  nitrate,  potassium 
nitrate,  potassium  perchlorate,  ammonium  perchlorate, 
guanidine  nitrate,  triaminoguanidine  nitrate,  potassium 
permanganate,  sodium  chromate,  barium  nitrate,  bar¬ 
ium  chromate,  barium  manganate,  sodium  dichromate, 
tetramethylammonium  nitrate  and  cesium  nitrate. 

25.  An  igniter  device  as  in  claim  20  wherein  said 
device  further  comprises  a  plurality  of  individual  metal- 
clad  pyrotechnic  cords  concentrically  arranged  about, 
and  linearly  extending  along,  said  encapsulated  explo¬ 
sive  wherein  said  individual  metal  clad  pyrotechnic 
cords  are  fused  into  a  metallic  matrix  around  said  high 
explosive  by  said  forming  step. 

26.  An  igniter  device  as  in  claim  20  wherein  said 
pyrotechnic  materia!  ia  further  the  resultant  product  of 
a  coprecipitation  of  one  of  said  group  of  simple  decahy- 
drodecarbonate  salt*,  and  said  solid  oxidizing  agent,  by 
the  process  of: 

i  J'is^ving  both  tin  ileeahydiodctabc.ait  (-2)  salt 
and  the  solid  oxidizing  agent  in  a  mutually  soluble 
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solvent,  at  a  temperature  sufficiently  high  to  main¬ 
tain  said  salt  and  said  oxidizing  agent  in  solution; 

ii.  forming  a  pressurized  stream  of  said  solution  and 
brining  said  solution  stream  together  with  a  pres¬ 
surized  stream  of  a  miscible  nonsolvent,  under  5 
conditions  of  extreme  turbulence  within  a  mixing 
chamber,  to  effect  a  substantially  complete  copre¬ 
cipitation; 

iii.  recovering  the  coprecipitated  product  by  filtering 
the  effluent  from  saiJ  mixing  wlmn.bei,  and  wash-  1C 
ing  said  product  with  an  inert  and  nonsolvent  fluid; 

iv.  drying  the  product  to  remove  all  remaining  liquid. 

27.  An  igniter  device  as  in  claim  26  wherein  said 
coprecipitated  oxidizing  agent  is  selected  from  the 
group  consisting  of  ammonium  nitrate,  potassium  ni-  15 
trate,  potassium  perchlorate,  ammonium  perchlorate, 
guanidine  nitrate,  triaminoguanidine  nitrate,  potassium 
permanganate,  sodium  chromate,  barium  nitrate,  bar¬ 
ium  chromate,  barium  manganate,  sodium  dichromate, 
tetramethylammonium  nitrate  and  cesium  nitrate.  20 

28.  An  igniter  device  as  in  claim  27  wherein  said 
device  further  comprises  a  plurality  of  individual  metal- 
clad  pyrotechnic  cords  concentrically  arranged  about, 
and  linearly  extending  along,  said  encapsulated  explo¬ 
sive  wherein  said  individual  metal  clad  pyrotechnic  25 
cords  are  fused  into  a  metallic  matrix  around  said  high 
explosive  by  said  forming  step. 

29.  An  igniter  device  as  in  claim  25  wherein  said 

plurality  of  me-ai  clau  pyioiewliiiic  cords  is  between  5 
and  13.  30 

30.  An  igniter  device  as  in  claim  28  wherein  said 
plurality  of  metal  clad  pyrotechnic  cords  is  between  3 
and  13. 

31.  An  igniter  device  as  in  claim  29  wherein  said 


prises  approximately  6-30%  by  weight  of  said  pyro¬ 
technic  material. 

37.  An  igniter  device  as  in  claim  36  wherein  said 
centrally  disposed  high  explosive  is  selected  from  the 
5  group  consisting  of  cyclolpimethylenelnnitramine 
(RDX),  cyclotetramethylenefeti'airitramine  (beta- 
HMX),  pentaerythritol  (PETN),  hexanitrostilbene 
(HNS),  and  dipicramid  (D1PAM),  and  said  linear  en¬ 
capsulation  comprises  a  sheath  around  said  explosive 
1C  38.  An  igniter  device  in  claim  37  wherein  said  high 
explosive  sheath,  and  said  metal  cladding  on  said  pyro¬ 
technic  material,  are  of  lead,  and  said  detonating  cord 
has  a  distribution  of  high  explosive  of  between  approxi¬ 
mately  2  to  6  grains  per  lineal  foot  and  a  mass  ratio  of 
15  lead  to  high  explosive  of  between  approximately  50  to 
12,  by  weight. 

39.  An  igniter  device  as  in  claim  35  wherein  said 
pyrotechnic  material  includes  an  oxidizer  selected  from 
the  group  consisting  of  ammonium  nitrate,  potassium 
20  nitrate,  potassium  perchlorate,  ammonium  perchlorate, 
guanidine  nitrate,  triaminoguanidine  nitrate,  potassium 
permanganate,  sodium  chromate,  barium  nitrate,  bar¬ 
ium  chromate,  barium  manganate,  sodium  dichromatc, 
tetramethylammonium  nitrate  and  cesium  nitrate. 

25  40.  An  igniter  device  as  in  claim  35  wherein  said 

device  further  comprises  a  plurality  of  individual  metal- 
clad  pyrotechnic  cords  concentrically  arranged  about, 
and  linearly  extending  along,  said  encapsulated  explo¬ 
sive  wherein  said  ttoWoBfiS  tnetJ-  did  pjp'owetetfc 
30  cords  are  fused  into  a  metallic  matrix  around  said  high 
explosive  by  said  forming  step. 

41.  An  igniter  device  as  in  claim  35  wherein  said 
pyrotechnic  material  is  further  the  resultant  product  of 
a  coprecipitation  of  one  of  said  group  of  simple  decahy- 


linear  encapsulation  comprises  an  outer  sheath,  and  said  35  drodecaborate  salts,  and  said  solid  oxidizing  agent,  by 


metal  cladding  on  each  of  said  pyrotechnic  cords,  are  of 
lead,  wherein  further  said  detonating  cord  has  a  distri¬ 
bution  of  high  explosive  of  between  approximately  2  to 
6  grains  per  lineal  foot  and  a  mass  ratio  of  lead  to  high 
explosive  of  between  approximately  50  to  12,  by  40 
weight,  each  pyrotechnic  cord  has  a  distribution  of  said 
pyrotechnic  of  between  approximately  33  to  80  grains 
per  lineal  foot  and  a  mass  ratio  of  lead  to  pyrotechnic 
material  of  between  approximately  8  to  35,  by  weight. 

32.  An  igniter  device  as  in  claim  21  wherein  said  45 
centrally  disposed  and  linearly  encapsulated  explosive 
comprises  a  flexible  extruded  cord  of  explosive  particles 
within  a  viscoelastic  binder. 

33.  An  igniter  device  as  in  claim  32  wherein  said 
flexible  extruded  cord  further  includes  an  additional  50 
sheathing  defined  by  a  separate  outer  layer  of  plastic 
material. 

34.  An  igniter  device  as  in  claim  21  wherein  said 
initial  cross  section  of  said  igniter  is  further  defined  by 


the  process  of: 

i.  dissolving  both  the  decahydrodecaborate  (  —  2)  salt 
and  the  solid  oxidizing  agent  in  a  mutually  soluble 
solvent,  at  a  temperature  sufficiently  high  to  main¬ 
tain  said  salt  and  said  oxidizing  agent  in  solution, 

ii.  forming  a  pressurized  stream  of  said  solution  and 
brining  said  solution  stream  together  with  a  pres¬ 
surized  stream  of  a  miscible  nonsolvent,  under 
conditions  of  extreme  turbulence  within  a  mixing 
chamber,  to  effect  a  substantially  complete  copre¬ 
cipitation; 

iii.  recovering  the  coprecipitated  product  by  filtering 
the  effluent  from  said  mixing  chamber,  and  wash¬ 
ing  said  product  ith  an  inert  and  nonsolvent  fluid; 

iv.  drying  the  product  to  remove  all  remaining  liquid. 

42.  An  igniter  device  as  in  claim  41  wherein  said 

coprecipitated  oxidizing  agent  is  selected  from  the 
group  consisting  of  ammonium  nitrate,  potassium  ni¬ 
trate,  potassium  perchlorate,  ammonium  perchlorate, 


an  additional  layer  of  an  encapsulating  material  as  an  55  guanidine  nitrate,  triaminoguanidine  nitrate,  potassium 
outer  covering.  permanganate,  sodium  chromate,  barium  nitrate,  bar- 

35.  An  igniter  device  as  in  claim  3  wherein  said  de-  ium  chromate,  barium  manganate,  sodium  dichromatc, 

vice  has  a  final  configuration  which  is  the  resultant  tetramethylammonium  nitrate  and  cesium  nitrate, 
product  of  a  process  wherein  an  initial  cross-sectional  43.  An  igniter  device  as  in  claim  42  wherein  said 
area  of  said  igniter  is  radially  reduced  by  a  mechanical  60  device  further  comprises  a  plurality  of  individual  metal- 
forming  step  which  compacts  said  metal  cladding  radi-  clad  pyrotechnic  cords  concentrically  arranged  about, 
ally  inwardly  to  define  a  final  cross-sectional  area  for  and  linearly  extending  along,  said  encapsulated  explo- 
•aid  device  which  is  reduced  approximately  10-60  per-  sive  wherein  said  individual  metal  clad  pyrotechnic 
cent  from  said  initial  cross-sectional  area.  cords  are  fused  into  a  metallic  matrix  around  said  high 

36.  An  igniter  device  as  in  claim  35  wherein  said  65  explosive  by  said  forming  step.  . 

cladding  ur.  tak!  pftoleshnic  h use  le'ected  from  44.  An  igniter  device  as  in  claim  40  wherein  said 

the  group  consisting  of  lead,  aluminum  and  silver,  and  plurality  of  metal  clad  pyrotechnic  cords  is  between  J 
said  simple  decahydrodecaborate  salt  selected  com-  and  13. 
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45.  An  igniter  device  as  in  claim  43  wherein  said 
plurality  of  metal  clad  pyrotechnic  cords  is  between  3 
and  13. 

46.  An  igniter  device  as  in  claim  44  wherein  said 
linear  encapsulation  comprises  an  outer  said  sheath  and  5 
said  metal  cladding  on  each  of  said  pyrotechnic  cords, 
are  of  lead,  wherein  further  said  detonating  cord  has  a 
distribution  of  high  explosive  of  between  approximately 

2  to  6  grains  per  lineal  foot  and  a  mass  ratio  of  lead  to 
high  explosive  of  between  approximately  50  to  12,  by  jo 
weight,  and  each  pyrotechnic  cord  has  a  distribution  of 
said  pyrotechnic  of  between  approximately  3  to  80 
grains  per  lineal  foot  and  a  mass  ratio  of  lead  to  pyro¬ 
technic  material  of  between  approximately  8  to  35,  by 
weight.  15 

47.  An  igniter  device  as  in  claim  36  wherein  said 
centrally  explosive  disposed  and  linearly  encapsulated 
explosive  comprises  a  flexible  extruded  cord  of  explo¬ 
sive  particles  within  a  viscoelastic  binder. 

48.  An  igniter  device  as  in  claim  47  wherein  said  2q 
flexible  extruded  cord  further  includes  an  additional 
sher  ing  defined  by  a  separate  outer  layer  of  plastic 
material. 

49.  An  igniter  device  as  in  claim  36  wherein  said 
initial  cross  section  of  said  igniter  is  further  defined  by 
an  additional  layer  of  an  ecapsulating  material  as  an 
outer  covering. 

50.  An  igniter  device  as  in  claim  4  wherein  said  de¬ 
vice  has  a  final  configuration  which  is  the  resultant 
product  of  a  process  wherein  an  initial  cross-sectional 
area  cf  said  igniter  it  radially  reduced  by  a  mechanical  3 
forming  step  which  compacts  said  metal  cladding  radi¬ 
ally  inwardly  to  define  a  final  cross-sectional  area  for 
said  device  which  is  reduced  approximately  10-60  per¬ 
cent  from  said  initial  cross-sectional  area. 

51.  An  igniter  device  as  in  claim  50  wherein  said  35 
n-joi.al  clUdf  g  o  i  toil  pyreiee  h,  ir  it .  nit  xt-lect/id  frvm 
the  group  consisting  of  lead,  aluminum  and  silver, 
wherein  the  metallic  salt  is  selected  from  the  group 
consisting  of  cesium  dccahydrodecaborate,  Cs2B1(>H10, 
and  potassium  dccahydrodecaborate,  K.2BioH|o,  and  40 
comprises  approximately  6-30%  by  weight  of  said  py¬ 
rotechnic  material. 

52.  An  igniter  device  as  in  claim  51  wherein  said 
centrally  disposed  high  explosive  is  selected  from  the 
group  consisting  of  cyclotrimethylenetrinitramine  45 
(RDX),  cyclotetramethylenetetranitramine  (beta- 
HMX),  pentaerythritol  (PETN),  hexanitrostilbene 
(HNS),  and  dipicramid  (DIPAM),  and  said  linear  en¬ 
capsulation  comprises  a  sheath  around  said  explosive. 

53.  An  igniter  device  as  in  claim  52  wherein  said  high  50 
explosive  sheath,  and  said  metal  cladding  on  said  pyro¬ 
technic  material,  are  of  lead,  and  said  detonating  cord 
has  a  distribution  of  high  explosive  of  between  approxi¬ 
mately  2  to  6  grains  per  lineal  foot  and  a  mass  ratio  of 
lead  to  high  explosive  of  between  approximately  50  to  55 
12,  by  weight. 

54.  An  igniter  device  as  in  claim  50  wherein  said 
pyrotechnic  material  includes  an  oxidizer  selected  from 
the  group  consisting  of  ammonium  nitrate,  potassium 
nitrate,  potassium  perchlorate,  ammonium  perchlorate,  60 
guanidine  nitrate,  triaminoguanidine  nitrate,  potassium 
permanganate,  sodium  chromate,  barium  nitrate,  bar¬ 
ium  chromate,  barium  manganate,  sodium  dichromate, 
tetrametylammonium  nitrate  and  cesium  nitrate. 

55.  An  igniter  device  as  in  claim  50  wherein  said  65 
device  further  com.  rises  a  plurality  of  individual  metal- 
clad  pyrotechnic  cords  concentrically  arranged  about, 
and  linearly  extending  along,  said  encapsulated  explo¬ 


sive  wherein  said  individual  metal  clad  pyrotechnic 
cords  are  fused  into  a  metallic  matrix  around  said  high 
explosive  by  said  forming  step. 

56.  An  igniter  device  as  in  claim  50  wherein  said 
pyrotechnic  material  is  further  the  resultant  product  of 
a  coprecipitation  of  one  of  said  group  of  simple  decahy- 
drodecaborate  salts,  and  said  solid  oxidizing  agent,  by 
the  process  of: 

i.  dissolving  both  the  dccahydrodecaborate  (  —  2)  salt 
and  the  solid  oxidizing  agent  in  a  mutaully  soluble 
solvent,  at  a  temperature  sufficiently  high  to  main¬ 
tain  said  salt  and  said  oxidizing  agent  in  solution; 

ii.  forming  a  pressurized  stream  of  said  solution  and 
brining  said  solution  stream  together  with  a  pres¬ 
surized  stream  of  a  miscible  nonsolvcnt,  under 
conditions  of  extreme  turbulence  within  a  mixing 
chamber,  to  effect  a  substantially  complete  copre¬ 
cipitation; 

iii.  recovering  the  coprecipitated  product  by  filtering 
the  effluent  from  said  mixing  chamber,  and  wash¬ 
ing  said  product  with  an  inert  and  nonsolvent  fluid; 

iv.  drying  the  product  to  remove  all  remaining  liquid. 

57.  An  igniter  device  as  in  claim  56  wherein  said 
coprecipitated  oxidizing  agent  is  selected  from  the 
group  consisting  of  ammonium  nitrate,  potassium  ni¬ 
trate,  potassium  perchlorate,  ammonium  perchlorate, 
guanidine  nitrate,  triaminoguanidine  nitrate,  potassium 
permanganate,  sodium  chromate,  barium  nitrate,  bar¬ 
ium  chromate,  barium  manganate,  sodium  dichromate, 
tetramethylammonium  nitrate  and  cesium  nitrate. 

58.  An  igniter  device  as  in  claim  57  wherein  said 
device  further  comprises  a  plurality  of  individual  metal- 
clad  pyrotechnic  cords  concentrically  arranged  about, 
and  linearly  extending  along,  said  encapsulated  explo¬ 
sive  wherein  said  individual  metal  clad  pyrotechnic 
cords  are  fused  into  a  metallic  matrix  around  said  high 
explosive  by  said  forming  step. 

59.  An  igniter  device  as  in  claim  55  wherein  said 
plurality  of  metal  clad  pyrotechnic  cords  is  between  3 
ami  13. 

60.  An  igniter  device  as  in  claim  58  wherein  said 
plurality  of  metal  clad  pyrotechnic  cords  is  between  3 
and  13. 

61.  An  igniter  device  as  in  claim  59  wherein  said 
linear  encapsulation  comprises  an  outer  sheath,  and  said 
sheath  and  said  metal  dadoing  on  each  of  said  pyro¬ 
technic  cords,  are  of  lead,  wherein  further  said  detonat¬ 
ing  cord  has  a  distribution  of  high  explosive  of  between 
approximately  2  to  6  grains  pier  lineal  foot  and  a  mass 
ratio  of  'rad  to  high  explosive  of  between  approxi¬ 
mately  50  to  12,  by  weight,  each  pyrotechnic  cord  has 
a  distribution  of  said  pyrotechnic  of  between  approxi¬ 
mately  3  to  80  grains  per  lineal  foot  and  a  mass  ratio  of 
lead  to  pyrotechnic  material  of  between  approximately 
8  to  35,  by  weight. 

62.  An  igniter  device  as  in  claim  51  wherein  said 
centrally  disposed  and  linearly  encapsulated  explosive 
comprises  a  flexible  extruded  cord  of  explosive  particles 
within  a  viscoelastic  binder. 

63.  An  igniter  device  as  in  claim  62  wherein  said 
flexible  extruded  cord  further  includes  an  additional 
sheathing  defined  by  a  separate  outer  layer  of  plastic 
material. 

64.  An  igniter  device  as  in  claim  51  wherein  said 
initial  cross  section  of  said  igniter  is  further  defined  by 
an  additional  layer  of  an  encapsulating  material  as  an 
outer  covering. 
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IGNITION  ENHANCING  PROPELLANT 
COATINGS 

CROSS-REFERENCES  TO  RELATED 

APPLICATIONS  3 

This  application  incorporates  by  reference  a  copend¬ 
ing  application  of  common  assignment  entitled  CO¬ 
PRECIPITATED  PYROTECHNIC  COMPOSI¬ 
TION  PROCESSES  AND  RESULTANT  PROD-  10 
UCTS,  Ser.  No.  694,626,  filed  June  10,  1976,  which  is  a 
continuation-in-part  of  the  application  entitled  HIGH 
BURN  PROPELLANT  COMPOSITIONS,  Ser.  No. 
585,216,  filed  June  6,  1975,  now  abandoned. 

This  application  is  also  a  related  case  to  another  co-  15 
pending  application  of  common  assignment  entitled 
ACTIVE  BINDER  PROPELLANTS  INCORPO¬ 
RATING  BURNING  RATE  CATALYSTS,  Ser.  No 
o96,324,  filed  June  15,  1976,  which  related  to  uniform 
nitrocellulose-containing  propellant  compositions,  em-  20 
ploying  the  same  decahydrodecaborate  (—2)  com¬ 
pounds  which  are  employed  herein.  In  distinction,  the 
present  invention  is  categorically  concerned  with  treat¬ 
ing  of  individual  grains  of  existing  types  of  nitrocel¬ 
lulose-based  propellant,  and  creating  a  product  which  is  25 
usuable  directly  in  place  of  the  untreated  forms  of  such 
granular  propellants,  for  example  in  gun  applications. 

Our  copending  application  entitled  CONSOLI¬ 
DATED  CHARGES  INCORPORATING  INTE¬ 
GRAL  IGNITION  COMPOUNDS,  filed  May  It),  3o 
1977,  and  assigned  Ser.  No.  795,473,  employs  the  same 
ignition  compounds  employed  herein  as  a  matrix  be¬ 
tween  tunsotkfetel  grain  t  j  6riir  bcuudaries  while  the 
rresent  invention  teaches  a  new  ignition  Structure  for 
each  grain,  without  reliance  upon  a  matrix  between  35 
individual  grains. 

BACKGROUND  AND  BRIEF  DESCRIPTION  OF 
INVENTION 

The  purpose  of  this  invention  is  to  describe  propellant  40 
grains  which  demonstrate  significantly  better  ignition 
characteristics  than  state-of-the-art  propellant  grains. 

In  the  design  of  devices  incorporating  a  propellant, 
and  particularly  those  devices  that  use  the  burning  pro¬ 
pellant  gases  to  accomplish  mechanical  work,  such  as  45 
gun  ammunition,  a  controlled  amount  of  gas  and  heat 
must  be  released  within  a  specified  time  period  by  the 
burning  propellant. 

With  existing  propellants,  for  example  those  based  on 
nitrocellulose,  nitrocellulose/nitroglycerine,  and  ni-  50 
troccllulose/nitroglycerine/nitroguanidine,  and  bettern 
known  to  those  practices  in  the  art  as  “single  base”, 
“double  base”,  and  “triple  base”  propellants,  respec¬ 
tively,  the  burning  rate  of  the  propellant  is  fixed  within 
rather  narrow  limits  by  the  formulation;  a  major  change  55 
in  propellant  formulation  is  required  to  significantly 
alter  such  characteristics  as  burning  rate.  As  a  result,  to 
control  the  release  of  heat  and  gas  in  a  device  such  as  a 
rocket  motor  chamber,  gun  chamber,  or  other  gas  gen¬ 
erating  device,  the  propellant  is  configured  into  a  some-  60 
times  complicated  three  dimensional  geometry,  known 
as  a  “grain”,  so  that  the  amount  of  surface  burning  at  a 
given  time  is  controlled.  The  inherent  burning  rate  of 
the  propellant  and  the  grain  size  and  geometry  deter¬ 
mine  the  burning  rate  or  “quickness”  of  the  propellant  65 
mass.  In  many  instances,  a  substance  is  used  in  the  outer 
layer  of  the  grain  to  retard  the  initial  burning  rate,  and 
is  known  as  a  “deterrent  layer.”  Additionally,  most 


2 

propellant  grains  designed  for  use  in  guns  incorporate 
an  outer  layer  of  graphite  glazed  onto  the  propellant 
surface;  needed  to  protect  the  grain  and  reduce  the 
handling  hazards  due  to  friction  and  static  electricity. 

The  function  sequence  of  the  propellant  burning  can 
be  discussed  in  terms  of  two  events:  (1)  ignition  of  the 
exterior  surface  of  the  grain,  and  (2)  regressive  burning 
of  the  propellant  grain.  The  first  event,  ignition,  de¬ 
pends  on  the  propagation  of  a  flame  front,  generated  by 
a  priming  source  and  burning  of  the  propellant  ignited 
first,  through  the  propellant  bed  or  along  a  monolithic 
grain.  In  a  loosely  packed  bed  of  individual  propellant 
grains,  this  gaseous  flame  front  propagates  easily 
through  the  interstitial  voids  iii  the  bed.  However,  due 
to  the  deterrents  and  coatings  on  the  grain,  and  in  some 
cases,  the  nature  of  the  propellant  itself,  the  actual  igni¬ 
tion  of  the  propellant  matrix  by  the  hot  gas  is  retarded, 
particularly  at  low  temperature.  It  is  additionally  be¬ 
lieved  by  those  practiced  in  the  art  that  a  certain 
amount  of  hot  particles,  i.e.,  condensed  chemical  spe¬ 
cies  in  the  flame,  contribute  substantially  to  the  ignition 
event,  in  addition  to  the  hot  gases;  the  propagation  of 
such  hot  particles  through  a  propellant  bed  is  difficult 
compared  to  the  gas  propagation. 

This  invention  describes  propellant  grains  otherwise 
similar  to  state-of-the-art  propellant  grains,  but  fabri¬ 
cated  to  incorporate  an  ignition  compound  or  burning 
rate  enhancing  layer  as  a  coating  or  as  a  chemically 
bound  surface  layer  on  each  propellant  grain,  and  thus 
dispersed  uniformly  along  each  monolithic  grain  that 
comprises  a  propellant  bed.  The  burning  rate  enhancer, 
specifioatlji  cunsnUhg  of  alerted  oun.potrti.l4  baseJ  un 
certain  decahydrodecaborate  (-2)  salts,  greatly  facili¬ 
tates  propagation  of  the  initiating  flame  front  along  the 
propellant  surface,  and/or  through  the  propellant  bed. 
The  propellants  described  by  this  invention  demon¬ 
strate  significantly  better  ignition  and  burning  charac¬ 
teristics  than  similar  state-of-the-art  propellant  grains  at 
ambient  temperature;  the  improvement  is  even  more 
marked  at  low  temperature. 

DETAILED  DESCRIPTION  OF  THE 
INVENTION 

The  present  invention  describes  a  method,  and  resul¬ 
tant  product,  of  manufacturing  or  treating  propellant 
grains  to  incorporate  a  coating  of  an  integral  ignition 
composition,  specifically  ignition  compounds  that  are 
themselves,  or  contain,  certain  salts  of  decahy- 
d rod eca boric  acid. 

The  manufacture  of  coated  propellants  according  to 
the  present  invention  consists,  firstly,  of  obtaining  a 
suitable  propellant  in  grain  or  spherical  configuration 
with  a  range  of  burning  properties  and  chemical  compo¬ 
sition  which  will  give  the  desired  rate  of  gas  evolution 
and  composition  of  combustion  products  for  the  in¬ 
tended  purpose,  such  as  accelerating  a  projectile  in  a 
gun.  Commonly  used  propellants  for  this  purpose  are 
“single",  “double”,  or  “triple  base”  propellants  (as  they 
are  commonly  known  by  those  practiced  in  the  art),  and 
these  propellants  may  incorporate  one  or  more  layers 
on  the  grain  surface,  such  as  various  types  of  polymers 
(known  as  a  “deterrent”  layer),  to  aid  in  modifying 
initial  ignition  characteristics.  The  propellant  may  be 
configured  in  spherical  or  ellipsoidal  shapes,  representa¬ 
tive  diameters  or  average  diameters  of  0.01  inch  to  0.05 
inch  or  more  and  known  as  “ball  propellant,”  or  cylin¬ 
drical  shapes  with  one  or  more  longitudinal  perfora- 
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tions,  with  characteristic  web  dimensions  0.009  inches 
to  0.03  inches  or  more. 

For  the  purpose  of  this  invention,  it  is  critical  that  the 
starting  propellant  grains  do  not  have  a  graphite  layer 
on  the  grain  surface,  as  a  graphite  layer,  if  desired,  must  3 
be  applied  during  or  after  the  subject  ignition  enhancer 
is  added  to  the  grain.  The  method  and  principle  of  in¬ 
corporating  the  ignition  compound  into  the  propellant 
grain  is  general  to  any  of  the  types  of  commonly  used 
individual  grain  nitrocellulose  base  propellants,  and  the 
classes  listed  and  examples  presented  are  not  intended  to 
be  limiting,  except  as  noted. 

According  to  the  present  invention,  the  decahy- 
drodecaborate  compound  is  conveniently  applied  to 
existing  propellant  grains  by  means  of  a  solvent  or  fluid 
carrier.  The  decahydrodeca borate  compound,  depend¬ 
ing  on  the  class  as  delineated  below,  may  be  soluble  or 
insoluble  in  this  solvent  or  carrier.  The  geometry  and 
thickness  of  the  ignition  enhancing  layer  is  determined 
by  the  solvating  power  of  the  solvent  or  vehicle  on  the 
propellant,  and  the  solubility  of  the  decahydrodecabo- 
ratc  compound  in  the  fluid.  For  example,  a  solvent  such 
as  acetone,  with  high  solvating  power  on  a  typical  pro¬ 
pellant,  would  carry  a  dissolved  decahydrodecaborate  ^ 
compcH.nd  deeply  into  the  propellant  matrix,  resulting 
in  a  new  propellant  composition  with  a  gradient  of 
decahydrodecaborate  >  npound  in  a  typical  cross  sec¬ 
tion  across  the  propellant  \  :b.  In  contrast,  a  solvent 
will,  low  *  Waring  ability,  f-uch  LA  Used  ^ 

a  carrier  for  an  insoluble  decahydrodecaborate  com¬ 
pound  would,  when  applied  to  a  typical  propellant, 
result  in  essentially  a  surface  layer  of  adhering  and 
highly  concentrated  decahydrodecaborate  ignition  en¬ 
hancer.  The  methods  and  types  of  solvents  and  decahy-  35 
drodecaborate  compounds  described  in  this  invention 
encompass  t  F-r,ge  of  scrariLg  or  layering  OfUcsa  be¬ 
tween  the  extremes 

The  ignition  compounds  useful  in  this  invention  are 
from  two  general  classes;  the  first.  Class  (1),  being  sim-  40 
pie  salts  of  decahydrodecaboric  acid,  and  the  second. 
Class  (2),  being  coprecipitates  of  salts  from  Class  (1) 
with  a  suitable  oxidizing  agent 

The  two  classes  of  decahydrodecaborate  compounds 
are  defined  as  follows:  45 

Class  (1) 

The  simple  decahydrodecaborate  salts  used  in  this 
invention  are  compounds  of  the  general  chemical  for¬ 
mula:  30 

where  M  is  a  cation  or  complex  cation  incorporating 
_  hydrogen,  nitrogen,  carbon,  or  metals,  or  some  combi-  35 
nation  thereof,  and  is  chosen  from  the  list  given  below; 
x  is  the  number  of  M  ions;  and  y  is  equal  to: 

x  times  the  valence  of  the  M  ion 

2  60 

The  compounds  may  further  be  defined  as  certain  salts 
of  decahydrodecaboric  acid,  and  thus  contain  as  a  com¬ 
mon  ion  the  decahydrodecaborate  (—2)  anion  BioHio-2. 

The  cation  M  is  chosen  from  the  classes:  65 

a.  ammonium,  NH4+,  wherein  the  salt  has  the  for¬ 
mula  (NHJjBioHio  and  is  described  by  KNOTH 
U.S.  Pat  No.  3,148,938. 
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b.  hydrazinium,  NH2NH3  +  ,  wherein  the  salt  has  the 
formula  (NHjNHjjjBujH^  and  is  described  by 
KNOTH  U.S.  Pat  No.  3,148,938. 

c.  substituted  ammonium  cations,  wherein  the  salt  has 
the  general  formula  (RjNH^BiqHio  where  R  can 
be  hydrogen  (H)  or  alkyl  radical  (preferred  radicals 
contain  less  than  six  carbon  atoms).  The  R‘s  in  the 
preceding  formula  may  represent  different  alkyl 
groups.  Compounds  with  two  or  three  hydrogen 
radicals  are  described  by  KNOTH  U.S.  Pat.  No. 
3,149,163.  TypicaT  cations  are  methylammonium 
(CHj)NHj-h  dimethylammonium  (CH3)jNHj+, 
trimethylammonium  (CH3)3NH  +  ,  and  tnethylam- 
inonium  (CH^H^NH  + . 

d.  substituted  hydrazinium  cations,  wherein  the  salt 
has  the  general  formula  (R2NNR2H)jBi0H|»  where 
R  can  be  hydrogen  (H)  or  an  alkyl  radican  (pre¬ 
ferred  ra  i’cals  contain  less  than  six  carbon  atoms), 
and  the  substituted  alkyl  groups  can  be  symmetric 
or  assymmetric  with  respect  to  the  N=N  linkage. 
Symmetric  substituted  cations  are  described  by 
KNOTH  U.S.  Pat.  No.  3,149,163.  An  example  of 
an  uns ymme trie  substituted  cation  is  (1,1)  dime- 
thylhydrazinium.  The  R’s  in  the  preceding  formula 
may  be  mixed  alkyl  radicals. 

e  quaternary  ummoniuii  salts  uf  tlx  general  formula 
(R^N^oHio  where  R  is  an  alkyl  radical;  the  R’s 
in  the  preceding  formula  may  represent  mixed 
alkyl  groups.  Examples  of  typical  cations  are  tetra- 
mciny, ammonium  (CH3)«N  +  olid  tttiaed.ylaTi.nio- 
nium  (CH3CHj)«N+. 

f.  aryl  containing  cations,  such  as  pyridinium, 
bypyridinium,  or  substituted  aryl  cations,  such  as 
aryldiazonium  cations. 

g.  guanidinium  ion,  C(NH2)3+,  wherein  the  salt  has 
the  formula  (CXNH^B,^,^  and  is  described  in 
an  application  of  eomnun  awigumcal,  entitled 
BISGUANIDINIUM  DECAHYDRODECABO¬ 
RATE  AND  A  PROCESS  FOR  ITS  PREPARA¬ 
TION,  filed  June  10,  1976  and  now  U.S.  Pat.  No. 
4,002,681. 

h.  metal  ions,  derived  from  metals  defined  by  a  Peri¬ 
odic  Table  such  as  that  in  the  "Handbook  of  Chem¬ 
istry  and  Physics”,  54th  Edition,  inside  front  cover, 
by  the  elements  in  Groups  1,  2,  8,  3 b,  4 b,  5b,  6 b  and 
lb,  and  the  elements  of  Groups  3a,  4a,  5a  and  6a 
with  atomic  numbers  greater  than  5,  14,  33,  and  52, 
respectively.  The  metal  decahydrodecaborate  salts 
are  further  described  by  KNOTH  U.S.  Pat.  No. 
3,148,939  Examples  of  such  metal  salts  are 
CsjB|oH,0and  K2B|oH1(>  the  cesium  and  potassium 
salts  of  decahydiodecaboric  acid,  which  are  repre¬ 
sentative  of  alkali  metal  salts  preferred  for  the  com¬ 
positions  described  in  this  invention. 

Class  (2) 

An  intimate  blend  of  the  compounds  described  in 
Class  (1)  above,  with  an  oxidizing  agent,  in  a  manner 
that  a  chemically  and  physically  different  product  is 
obtained  than  the  starting  materials. 

The  process  by  which  the  compositions  of  this  class 
are  prepared  produces  a  very  intimate  blend  of  decahy- 
drod elaborate  (—2)  ion  with  the  oxidizer  and  makes  the 
compositions  so  prepared  chemically  and  physically 
unique  from  physical  blends  of  decahydrodecaborate 
(—2)  salts  with  oxidizer  or  pyrotechnic  compositions 
incorporating  decahydrodecaborate  (—2)  salt,  as  de¬ 
scribed  above,  and  also  dissolving,  in  the  same  solution. 
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an  oxidizing  sgent,  «ls  described  above.  The  aubject 
composition  is  recovered  by  precipitating  the  compos¬ 
ite  ingredient*  of  the  solution  with  a  suitable  nonsol¬ 
vent.  The  resulting  solid,  after  filtration  and  drying, 
comprises  and  intimate  mixture  of  the  decahy-  5 
drodecaborste  (  —  2)  anion  with  the  oxidizing  cation  or 
substance,  in  &  form  that  is  chemically  and  physically 
different  than  the  starting  materials. 

The  process  may  be  properly  called  a  "cocrystalliza- 
tion"  or  “coprecipiution"  and  the  resulting  produce  a  10 
“cocrys ul late"  or  "coprecipitate." 

These  unique  coprecipitated  Class  (2)  salts,  contain¬ 
ing  the  BiaH,a-1  anion,  tnd  the  pics-ess  for  their  cre¬ 
ation,  are  themselves  further  disclosed  and  the  above- 
referenced  copending  patent  application  of  common 
assignment  entitled  CO  PRECIPITATED  PYRO¬ 
TECHNIC  COMPOSITION  PROCESSES  AND  RE¬ 
SULTANT  PRODUCTS. 

The  ignition  compounds  may  be  soluble  or  insoluble 
in  the  solvent  or  liquid  carrier.  The  solvent  or  liquid  20 
carriers  used  in  coating  grains  are  of  such  a  type  that  the 
propellant  ingredient*  will  not  react  with  the  contract¬ 
ing  liquid.  The  purpose  of  the  solvent  or  carrier  is  to 
provide  a  softening  and/or  solvating  of  the  propellant 
surfaces  in  order  that  the  decahydrodecaborate  com-  25 
pound  will  adhere  to  the  grain  surface  or  be  chemically 
or  physically  incorporated  into  the  propellant  matrix. 

For  thi*  purpose,  a  wide  variety  of  chemically  pure 
solvent*  and  vehicles  or  mixtures  of  these  solvents  and 
vehicles  may  be  used  by  those  practiced  in  the  art  to  30 
control  the  solvating  ability.  Preferred  solvents  and 
vehicles  which  are  compatible  with  common  propellant 
ingredients  include  those  with  functional  organic 
groups  such  as  ketones  (acetone,  methyl  ethyl  ketone, 
methyl  isobutyl  ketone);  alcohols  (methanol,  ethanol,  35 
isopropanol.  butyl  alcohols,  diacetone  alcohol),  esters 
(butyl  acetate,  ethyl  acetate,  dibutylpbthlate),  ethers 
(ethyl  ether,  isopropyl  ether).  Other  solvents  and  vehi¬ 
cles  which  would  meet  specific  solubility,  nonrcac- 
tivity,  and  volatility  requirements  are  available,  and  the  40 
above  list  is  not  meant  to  be  limiting.  Mixtures  of  the 
foremeniioned  solvents  are  commonly  used  to  control 
one  or  more  critical  parameters.  Some  mixtures  may 
contain  a  small  amount  of  adhesive  such  as  collodion  (4 
grams  pyroxylin  (chiefly  nitrocellulose)  in  100  ml  of  a  45 
mixture  of  1  volume  ethanol  and  3  volumes  ethyl  ether). 

The  ignition  compositions,  depending  on  the  class, 
which  are  the  key  elements  in  this  invention,  may  be 
soluble  or  insoluble  in  the  solvent  or  carrier  used  in  the 
coating  process,  and  the  choice  of  solvent  or  carrier  50 
system  depends  somewhat  on  the  type  of  ignition  com¬ 
pound  to  be  used. 

The  simple  decahydrodecaborate  salts,  represented 
by  Class  (1)  of  the  preceding  list  of  the  specific  ignition 
aides,  may  be  soluble  or  insoluble  in  the  solvent  or  55 
vehicle  system  used.  A  critical  requirement  of  the  use  of 
these  simple  salts  is  an  intimate  contact  with  the  propel¬ 
lant  ingredients  of  each  grain  (parti cilarly  nitrocellu¬ 
lose  with  or  without  nitroglycerine),  which  ingredients 
must  act  as  oxidizers  to  combust  the  salt,  which  acts  as  60 
fuel.  The  result  of  the  intimate  interface  of  binder 


oxidizer  and  fuel  is  a  layer  which  will  have  a  faster 
burning  rate  than  the  original  propeJlant  composition, 
snd  one  which  lies  on  the  exterior  surface  of  each  of  the 
original  propellant  grains. 

To  achieve  the  required  intimate  contact  between 
oropeUant  oxidizer  and  decahydrodecaborate  salt,  it  is 
lecessary  that  the  salt  either  be  dissolved  in  the  solvent 
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or  vehicle,  or  be  of  a  very  fine  particle  size  that  is  sus¬ 
pended  in  the  fluid.  Ten  microns  average  diameter  is  a 
preferred  upper  limit  on  the  average  diameter  of  undis- 
solved  salt  crystals. 

Representative  examples  of  Class  (1)  decahy¬ 
drodecaborate  salts  dissolved  in  a  solvent  tnd  carrier 
system  are  bisammonium  decahydrodecaborate  in 
acetone/ethanol  or  isopropanol,  and  dipotassium 
decahydrodecaborate  in  acetone/ethanol.  The  solubil¬ 
ity  of  the  decahydrodecaborate  salts  in  solvent  systems 
varies  considerably,  and  must  be  considered  separately 
for  each  individual  case.  In  general,  the  decahy¬ 
drodecaborate  salts  with  relatively  small  cations,  as 
represented  by  Class  1(a)  and  1(b)  and  certain  members 
of  Classses  1(c)  (such  as  methylammonium  or  dime- 
thylammonium),  1(d)  and  1(h)  such  as  sodium  or  potas¬ 
sium,  are  more  likely  to  be  soluble  in  selected  members 
from  the  list  of  solvents  than  salts  with  larger  molecular 
weight  cations,  for  example,  cesium  or  tetramethylam- 
monium.  It  is  desirable  to  initially  dry;  i.e.,  remove 
water,  from  the  prepared  solutions  by,  for  example, 
letting  the  prepared  solutions  stand  over  calcium  sul¬ 
fate,  in  order  to  avoid  introducing  excess  moisture  into 
the  individual  coated  propellant  grains. 

Examples  of  useful  decahydrodecaborate  salts  insolu¬ 
ble  in  most  solvents  and  carriers  are  tetramethylammo- 
nium  decahydrodecaborate  and  dicesium  decahy¬ 
drodecaborate,  which  may  be  incorporated  into  a  sur¬ 
face  layer  by  suspending  them  in  a  carrier  which  has 
some  solvent  ability  on  the  propellant  as  for  example, 
butyl  acetate/ ethanol,  acetone/cthanol,  or  ether/ace¬ 
tone  mixtures.  The  solvent  with  the  suspended  decahy¬ 
drodecaborate  salt  is  applied  to  the  propellant  in  the 
same  manner  as  the  pure  solvent. 

The  decahydrodecaborate  compounds  of  Class  (2), 
i.e.,  decahydrodecaborate  salts  coprecipitated  with  an 
oxidizer,  must  be  insoluble  in  the  coating  fluid,  in  order 
that  the  intimate  crystalline  structure  of  the  copreripi- 
tate  is  not  degraded.  As  with  the  insoluble  simple  salts, 
the  Class  (2)  compounds  may  be  suspended  in  the  pro¬ 
pellant  solvent  or  vehicle.  In  contrast  to  the  insoluble 
simple  salts  of  Class  (1),  the  Class  (2)  coprecipitates  are 
self  combusting,  and  do  not  require  the  oxidative  ingre¬ 
dients  of  the  propellants  to  achieve  ignition  enhance¬ 
ment.  They  may  thus  be  applied  in  an  outer  layer  in 
such  a  manner  than  the  propellant  solvent/suspended 
ignition  carrier  system  does  not  penetrate  as  deeply  into 
the  surface  of  the  propellant  grains  as  that  for  the  Class 
(1)  compounds,  for  example,  by  using  a  carrier  such  as 
isopropanol,  which  does  not  have  appreciable  solvent 
ability  on  typical  propellants,  but  which  will  soften  the 
propel  nt  surface  sufficiently  for  the  Class  (2)  ignition 
comr  iunds  to  adhere  to  the  surface  forming  an  outer 
layei  Examples  of  Class  (2)  ignition  composition  and 
acceptable  solvent  carriers  are  the  coprecipitate  of  25- 
parts-by-weight  cesium  decahydrodecaborate  and  75 
parts-by-weight  potassium  nitrate  with  isopropanol, 
butyl  acetate/ethanol,  mcetone/ethanol,  or  ether/e¬ 
thanol  carriers  and  the  coprecipitate  of  15-parts-by- 
w eight  tetrametbylammonium  decahydrodecaborate 
and  8  5-parts-by- weight  potassium  nitrate  with  the  same 
carriers. 

The  coating  process  preferably  consists  of  initially 
dissolving  or  suspending  the  decahydrodecaborate 
compound  in  a  predetermined  concentration  in  the 
solvent  or  carrier.  The  amount  of  propellant  solvent 
fluid  preferred  for  the  coating  process  is  between  0.010 
and  0.300  milliliters  of  fluid  (for  solution  or  suspension 
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of  the  salt  compound),  per  grim  of  propellant.  The 
preferred  limits  cm  decahydrodecaborate  compounds 
are,  as  follows: 

Class  (1)  soluble:  0.1  to  1.0%  of  the  total  propellant 
weight;  * 

Class  (1)  insoluble:  0.3  to  2.0%  of  the  total  propellant 
weight;  Class  (2):  0.5  to  4.0%  of  the  total  propellant 
weight. 

The  required  concentration  of  the  ignition  compound 
in  the  coaling  fluid  may  be  calculated  for  each  case  10 
from  the  amount  of  fluid  to  be  used  and  the  percent 
concentration  of  the  ignition  compound  desired. 

The  propellant  is  wetted  with  the  requisite  amount  of 
the  solution  or  suspension  and  mined  well.  In  the  case  of 


deterrent,  0.8%  diphenylamine,  0.8%  lead  carbonate, 
0.3%  potassium  sulfate,  and  1.3%  residual  moisture  and 
volatiles,  such  as  can  be  purchased  as  Canadian  Indus¬ 
tries  Limited  SPDN  1462,  is  chosen  as  representative  of 
the  class  of  uncoated  single,  double  and  triple  base  pro¬ 
pellants  considered  as  starting  materials  in  this  inven¬ 
tion.  Any  propellant  so  chosen  is  necessarily  procured 
without  an  initial  graphite  glaze  present  on  the  surface 
of  each  grain. . 

A  series  of  ignition  enhancing  coatings  or  layers  of 
decahydrodecaborate  compounds  are  applied  accord¬ 
ing  to  Table  I.  Two  control  propellants,  incorporating 
as  a  glaze  layer  0  and  1.9%  graphite,  and  denoted  as  A 
and  B  respectively,  are  Drepared  and  subjected  to  the 


the  solution  or  suspension  mu  raucu  wcu.  m  luc  uw  ui  ana  u  respectively,  me  uicpmcu  anu  un. 

a  solvent  with  substantial  solvating  power,  a  lesser  1J  same  conditioning  and  history  as  the  decahydrodecabo- 
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amount  of  solution  is  preferred,  and  the  solution  or  rate  coated  propellants. 

suspension  is  rapidly  absorbed  by  the  propellant  'n  the  A  solvent  and  carrier  consisting  of  65%-by-volume 
case  of  a  fluid  with  low  solvating  power,  the  propellant  ethanol  and  35%-by-volume  acetone  is  chosen  as  repre¬ 
may  be  tumbled  in  the  fluid  for  a  longer  time,  allowing  sentative  of  the  manifold  of  solvents  available, 
a  suspended  cecahydrodecaborste  solid  to  adhere  to  the  20  Propellant  B  is  prepared  by  wetting  the  uncoated 
softened  surface,  or  s  dissolved  salt  to  penetrate  into  a  propellant  with  0.17  milliliters  solvent  per  gram  propel 
thin  surface  layer.  The  containing  device  may  be  any  lant,  and  tumbling  the  wetted  propellant  in  a  cup  con- 
convenient  flask,  for  example,  a  stainless  steel  beaker,  mining  approximately  0.25  grams  of  graphite  (of  such  a 
or.  in  the  case  where  a  tumbling  action  is  preferred,  a  particle  size  so  as  to  pass  through  a  325  mesh  screen)  per 
rotating  drui.  of  nearly  curcular  cross  section,  known  25  gj-am  propellant.  The  coated  propellant  grains  with  the 
affectionately  to  those  practiced  in  the  art  as  a  "sweetie  adhering  graphite  powder  is  vibrated  on  a  screen  to 
barrel."  remove  excess  (loose)  graphite  until,  via  the  grain-to- 

Consequently,  the  ignition  compositions  remain  in  a  grain  rubbing  action,  a  smooth  glazed  appearance  is 
surface  layer  of  variable  thick"eu  (depending  on  the  obtained  The  propellant  is  dried  to  constant  weight  in 
solvent  power  of  the  coaling  fluid)  on  the  surfaces  of  30  vacuo  at  35*  C,  48  hours  being  a  sufficient  drying  time, 
the  individual  grain.  This  new  layer  provides  a  fast  Propellants  C  and  D  are  coated  with  decahy- 
bunng  channel  which  aids  m  uniform  flame  front  propa-  drodecaborate  compounds  soluble  in  the  chosen  solvent 
gation  over  each  of  the  gram  surfaces.  The  decahy-  ^<3  canier,  as  delineated  on  Table  I.  Solutions  consist- 
drodecaborate  salt  may  be  considered  a  burning  rate  0f  0. 125  grams  of  the  decahydrodecaborate  com- 

calalytt  or  ignition  enhancer  seeded  into  the  propellant  35  poyj,^  ^  milliliter  of  solution  are  prepared  and  dried 
surface,  or  alternately,  the  coating  layer  may  bc  consid-  over  ^jemm  sulfate.  The  uncoated  propellant  is  placed 
ered  to  have  created  a  new  propellant  composition  with  a  cup  Wetted  with  0.10  to  0.13  milliliters  solution 


a  bum  rate  higher  than  the  propellant  initially  present  in 
the  grain,  the  two  interpretations  being  one  and  the 
same,  and  physically  equivalent. 

As  with  most  commonly  used  propellants,  it  is  often 
desirable  to  apply  a  layer  or  coating  of  graphite  to  the 
exterior  surface,  to  aid  in  safe  handling  of  the  propel¬ 
lant  Within  this  invention,  the  use  of  an  optioual  graph- 


in  a  cup  and  wetted  with  0.10  to  0.13  milliliters  solution 
per  gram  propellant  and  stirred  until  the  grains  are 
uniformly  coated.  Then  0.25  grams  graphite  per  gram 
propellant  is  added  to  the  cup  and  stirring  continued 
until  the  grains  have  a  dry  appearance.  A  small  amount 
of  residua]  graphite  and  powder  remains  in  the  cup.  The 
coated  p rope! 'ant  is  placed  on  a  dried  screen  and  vi- 


lanL  Within  this  invention,  the  use  of  an  optioual  graph-  bra  ted  and  then  dried  in  a  manner  identical  with  Propel- 

itc  coating  is  preferably  applied  as  a  last,  outer  coating,  45  jant  g  ^mal  coating  percentages-by-weight,  as 
to  protect  the  decahydrodecaborate  coating  or  layers.  given  on  Table  I,  are  derived  by  simultaneously  treating 

This  graphite  coating  is  conveniently  applied  by  adding  ^  drying  identical  batches  of  (a)  uncoated  propellant 

to  the  decahydrodecaborate  coated  or  imprepated  u|j  q,)  propellant  coated  only  with  decahydrodecabo- 

propellant — while  it  is  still  wetted  or  softened  with  the  rate  compound,  weighing  all  three  samples,  and  com- 

coating  solvent— a  loose  graphite  layer,  and  then  tip-  50  puting  the  appropriate  coating  weights, 
bling,  vibrating,  or  rolling  the  coated  grains  until  a  TABLE  I 

shiny  or  glazed  appearance  is  obtained,  as  commonly _ _ _ _ _ — 

practiced  by  those  experienced  in  the  art.  ^  ££!d  °ta?h' 

The  coated  propellants  prepared  by  tins  method,  Designation  Type  %  * 

after  a  suitable  drying  period,  exhibit  substantially  bet-  55  —  -  ”  0  0 

ter  ignition  properties  than  untreated  units.  The  effect  (Control)  ( 9 

of  the  introduction  of  the  ignition  composition  directly  ^  ^ 
into  the  propellant  surface  is  to  place  the  ignition  stimu-  control) 

lus  in  very  inumate  contact  with,  m  tact,  as  part  01.  me  C  U  1. 

propellant  surface,  so  as  to  achieve  a  direct  heat  input  to  cO  q  Potassium  decahydrodeca-  1.0  t.l 

■  l.  surface  borate  (Clau  Ih)1 

L,  .  .  . .  ,  V.,,  E  15%  tetramethylammonium  0.9  U 

The  ignition  enhancement  is  illustrated  by  the  follow-  decahydrodecaborate 

ing  example.  coprccipitaled  with  85% 

0  potassium  nitrate 

EXAMPLE  I  6j  p  <CU?U)1-  17  u 

A  typical  uncoated  single  base  propellant,  consisting  L»oJubk  m  the  aotvcol  Med 
of  approximately  93.3%  nitrocellulose  (of  nitrogen  con-  -  u*  »i«-  mtd 

tent  13.15%),  4.8%  ethylcentralite  ii  stabilizer  and 


Propellant 

Designation 

A 

(Control) 

B 

(Graphite  glaze 
control) 

c 


Decahydrodecaborate 

Type 


AiiALUOtUUiXi  jtli  jCi&J* 

borate  (Claa*  la)1. 

Potassium  decahy  drodeca¬ 
borate  (Class  Ih)1, 

15%  tetramethylammonium 
decahydrodecaborate 
coprecipitated  with  S5% 
potass  um  nitrate 

[cui*  uy- 


LaoJubk  m  the  aotvcnl  Med 
xbaotubie  m  the  boJvtM  Med 
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Propellants  E  and  F  are  prepared  by  suspending  0.086 
grams  per  milliliter,  and  0.20  grams  per  milliliter,  re¬ 
spectively,  of  the  Class  (2)  decahydrodecaborate  com- 
pound  in  the  solvent  carrier,  and  applying  0.13  mill!, 
liters  of  the  resulting  suspension  per  gram  of  propellant  5 
to  the  dry  propellant,  Graphite  coating  and  computa¬ 
tion  of  the  coating  weights  are  accomplished  in  a  man¬ 
ner  identical  with  that  used  for  Propellants  C  and  D. 

The  control  and  coated  propellants  are  tested  by 
loading  0.20  grams  of  the  applicable  propellant  into  a  m 
0.38  special  caliber  cartridge  case  pruned  with  a  No. 

500  small  pistol  primer;  a  stainless  steel  wire  screen  (60 
mesh)  is  pressed  over  the  load.  The  cartridge  is 
mounted  in  a  chamber  and  breech  assembly  with  a  fir¬ 
ing  pin,  and  fired  into  a  10  cc  closed  bomb.  Pressure  is  , . 
measured  as  a  function  of  time  with  a  high  speed  trans¬ 
ducer  and  recorded  on  an  oscillograph.  Tests  at  low 
temperature  were  performed  by  conditioning  the  entire 
test  assembly  to  —63’  F  and  firing  the  unit 
The  primary  criteria,  as  shown  in  Table  II,  for  com-  M 
parison  between  control  units  and  decab  yd  rod  ecabo-  20 
rate  compounds  is  the  ignition  time,  defined  as  the  first 
measurable  deviation  from  the  starting  pressure  baseline 
to  10%  of  the  peak  pressure.  Other  criteria,  also  shown 
on  Table  II,  are  the  peak  pressures  obtained,  the  time  ,« 
between  deviation  from  baseline  and  peak  pressure,  and  23 
the  slope  of  the  curve  between  the  10%  and  90% 
(dP/dtX,  .10-0*0  °f  pe&k  pressure  points. 

TABLE  II 


Temp. 
■  F 

Ignition 

Time 

(m»<x) 

Pal: 

Praia- 

(P*i) 

Time  to 
Peak 
Praiurr 
(mice) 

(dP/) 

(dl).I0-.90 

(pii/miec) 

70 

10-16 

1150- 

1340 

975- 

1435 

38-56 

29-49 

-65 

6-37 

39-75 

32-38 

70 

20-28 

1355- 

1475 

50-51 

44-52 

-65 

12-35' 

1215- 

1405' 

1320- 

1495 

47-75' 

31-39' 

70 

10.5-14 

42-46 

43-35 

-65 

10.3-14 

960- 

1300 

1310- 

1370 

46-54 

28-41 

70 

■4.6-64 

30-33 

49-57 

-65 

9.5-14 

1130- 

mO 

40-48 

33-45 

70 

62-7.9 

1345- 

1370 

33-38 

57-56 

-65 

11.9-15.0 

1230- 

1245 

46-50 

37-39 

70 

3.5-8. 1 

1280- 

1380 

30-38 

43-54 

-65 

5.4-12.3 

960- 

38-48 

26-40 

'k  ftU  to  ignite;  primer  funcoooed  property.  50 

The  derived  data  of  Table  II  illustrate  the  range  of 
ignition  properties  that  can  be  obtained  by  varying  the 
type  and  amount  of  decahydrod  ecabo  rate  compound. 

In  all  cases,  the  ignition  time  and  variation  in  ignition  55 
times  is  lower  than  the  graphite  coated  control.  Propel¬ 
lant  C  shows  a  significant  pro)  «rty  in  that  the  ignition 
time  is  virtually  independent  of  ambient  (conditioning) 
temperature,  which  is  a  very  important  property  for 
devices  incorporating  propellant,  such  as  automatic  60 
cannon,  which  depend  on  a  reproducible  ignition.  Pro¬ 
pellants  D,  E  and  F,  in  addition  to  short  and  reproduc¬ 
ible  ignition  times,  incorporate  an  inherent  flask  reducer 
in  the  form  of  the  potassium  content  of  the  decahy- 
drodeca borate  compounds.  65 

In  summary,  the  present  invention  involves  the  coat¬ 
ing  or  individual  grains  of  nimjcellulosc-based  propel¬ 
lants,  in  order  to  provide  an  ignition  layer  completely 


surrounding  each  volume  of  propellant  The  types  of 
decahydrodecaborate  compounds  employed  commonly 
have  the  B10Ht0(— 2)  anion,  which  is  an  anion  believed 
to  be  kinetically,  rather  than  thermodynamically  stabi- 
5  lized  upon  thermal  decomposition.  The  present  inven¬ 
tion  involves  applying  individual  layers  upon  each  of 
the  propellant  grains,  so  that  these  individual  layers  will 
act  as  ignition  aids  to  the  propellant  material  which  they 
surround.  Granular  propellants  are  commonly  used  in 
gUL  application*,  and  the  prc»cnt  invention  allows  for 
preformulated  propellants  to  be  treated  after  manufac¬ 
ture,  by  the  novel  teachings  of  the  present  invention. 
Such  granular  propella.  •  present  unusual  handling 
problems,  and  are  normally  coated  with  a  graphite 
layer,  for  the  purposes  herein  before  described.  Accord¬ 
ing  to  the  present  invention  any  such  graphite  layer 
must  necessarily  be  applied  after  the  ignition  layer  has 
been  applied,  and  if  such  an  optional  graphite  layer  is 
,  *he  resultant  propellant  granules  or  grains  may  be 
handled  as  easily  as  conventional  gun  propellants  which 
have  also  been  treated  with  graphite  layers.  Accord- 
ingly,  the  present  invention  allows  the  incorporation  of 
a  ignition  aid  layer  directly  upon  the  exterior  surfaces  of 
I  grain,  and  if  a  subsequent  graphite  layer  is  em¬ 
ployed  the  handling  problems  are  no  greater  than  they 
would  be  with  conventional  propellant  grains  having 
such  a  graphite  layer. 

The  products  derived  from  the  process  of  the  present 
i  invention  may  of  themselves  be  considered  unique  new 
forms  of  granular  propellants,  since  they  contain  distin¬ 
guishable  cores  of  propellant  materials  surrounded  by 
an  identifiable  covering  layer  of  the  ignition  aid.  It 
should  be  emphasized  that  all  of  the  propellant  aids 
taught  herein  take  advantage  of  the  unique  decomposi¬ 
tion  properties  of  the  B10H1()(— 2)  aiuon,  and  regardless 
of  the  choices  for  a  cation  in  the  salt  the  ignition  times 
become  virtually  independent  of  the  ambient  condition¬ 
ing  xmperatures  to  which  the  granular  propellants  are 
exposed  prior  to  ignition.  The  present  invention,  there¬ 
fore,  teaches  a  new  process  for  producing  granular 
nitrocellulose-based  propellant  grains,  and  a  resultant 
product,  which  will  significantly  allow  reproducible 
ignition  times,  a  requirement  particularly  important  in 
such  gun  applications  as  the  automatic  cannon. 

Having  described  and  illustrated  representative  em¬ 
bodiments  of  both  classes  of  the  decahydrodecaborate 
compounds  contemplated  according  to  the  teachings  of 
the  present  invention,  it  is  to  be  understood  that  the 
invention  is  to  be  defined  solely  by  the  scope  of  the 
appended  claims. 

We  claim: 

1.  A  process  for  incorporating  an  ignition  compound 
comprised  of  certain  dechydrod  ecabo  rate  compounds 
directly  upon  exterior  surfaces  of  uncoated  nitrocel¬ 
lulose-based  propellant  grains,  through  the  steps  of: 

(A)  wetting  uncoated,  loose  propellant  grains  on  their 
exterior  surfaces  with  a  coating  fluid  having  a  sol¬ 
vating  effect  on  said  grains,  the  coating  fluid  being 
in  the  range  of  approximately  0.010  to  0.100  milli¬ 
liters  of  fluid  per  gram  of  propellant, 

(B)  introducing  a  layer  of  decahydrodecaborate  com¬ 
pound  onto  the  exterior  surfaces  of  said  grains  as 
the  result  of  the  wetting  effect  of  said  coating  fluid, 
wherein  said  compound  is  in  the  range  of  approxi¬ 
mately  0.1  to  4.0%  of  the  total  propellant  weight 
wnerein  said  compound  further  includes  a  salt  se¬ 
lected  from  the  class  of  salts  having  the  common 
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anion  BioH,0_I,  and  *  cation  selected  from  the 
group  consisting  of; 

(i)  ammonium,  wherein  the  salt  has  the  formula 

(NH^BmHhS  .  t  ,  .  .  .  . 

(u)  hydrazinium,  wherein  the  salt  has  the  general  5 

formula  (NHjNHj)BloHio; 

(iii)  metal  ions  derived  from  the  elements  in  Groups 
1,  2,  8,  3 b,  4b,  5b,  6 b,  lb,  and  the  elements  of 
Groups  3a  4a,  5a.  and  6a  which  have  atomic 
numbers  respectively  greater  than  5,  14,  33  and  10 
52;  and,  d 

(C)  drying  the  thusly  coated  propellant  grains  until  „ 
the  exterior  surface  of  each  grain  presents  a  dry  D 
appearance.  3 

2.  The  process  according  to  claim  1  wherein  the  15  t 
decahydrodecaborate  compound  selected  is  soluble  in  g 
the  coating  fluid,  and  the  step  of  introducing  said  com-  v 
pound  further  consists  of  first  dissolving  said  compound 

in  said  fluid,  and  wetting  the  exteriors  of  said  propellant  £ 

grains  with  the  solution  in  order  to  form  said  layer  on  20 

each  grain.  ■ 

3.  The  process  according  to  claim  1  wherein  the 
decahydrodecaborate  compound  selected  is  insoluble  in 
the  coating  fluid,  and  the  step  of  introducing  said  com¬ 
pound  further  consists  of  first  suspending  compound  25 
particles  of  approximately  ten  microns  average  diame¬ 
ter  in  said  fluid,  and  wetting  the  exterior  of  said  propel¬ 
lant  grains  with  the  suspension  in  order  to  form  said 
layer  on  each  grain. 

4.  The  process  according  to  claim  1  wherein  said  30 
compound  is  insoluble  in  said  fluid  and  is  the  resultant 
product  of  a  coprecipitation  of  one  of  said  salts  with  a 
solid  oxidizing  agent  by  the  steps  of: 

(i)  dissolving  both  the  decahydrodecaborate  (—2)  salt 
and  the  oxidizing  agent  in  a  mutually  soluble  sol-  35 
vent,  at  a  temperature  sufficiently  high  to  maintain 
said  salt  and  said  oxidizing  agent  in  solution; 

(ii)  forming  a  pressurized  stream  of  said  solution  and 
bringing  said  solution  stream  together  with  a  pres¬ 
surized  stream  of  a  miscible  nonsolvent,  under  40 
conditions  of  extreme  turbulence  within  a  mixing 
chamber,  to  effect  a  substantially  complete  copre¬ 
cipitation; 

(iii)  recovering  the  coprecipitated  product  by  filter¬ 
ing  the  effluent  from  said  mixing  chamber,  and  45 
washing  said  product  with  an  inert  and  nonsolvent 

fluid;  .  . 

(iv)  drying  the  prods-  '*  to  remove  all  remaining  liq¬ 
uid. 

5.  A  process  according  to  claim  1  wherein  the  step  of  50 
drying  the  coated  grains  further  comprises  tumbling  the 
wetted  and  coated  propellant  grains  in  a  container  con¬ 
taining  fine  particle  graphite  powder,  thereafter  vibrat¬ 
ing  the  coated  grains  with  the  adhering  graphite  pow- 

-der  to  create  a  glazed  appearance,  as  the  result  of  grain-  55 
to-grain  rubbing  action,  and  drying  the  glazed  grains  to 
a  dry  appearance. 

6.  The  process  according  to  claim  1  wherein  said 
uncoated  granular  nitrocellulose  based  propellant  is 
selected  from  the  group  consisting  of  nitrocellulose,  60 
nitrocellulose/nitroglycerine  and  nitrocellulose/nitro- 
glyercine/nitroguanidine  based  gun  propellants. 

7.  The  process  according  to  claim  1  wherein  the 
coating  fluid  having  a  solvating  effect  on  said  uncoated 
propellant  grains  includes  one  or  more  members  from  65 
the  group  consisting  of: 

acetone, 

methyl  ethyl  ketone, 
methyl  isobutyl  ketone, 


methanol, 
ethanol, 
isopropanol, 
butyl  alcohols, 
diacetone  alcohol, 
butyl  acetate, 
dibutylphthlate, 
ethyl  ether  and 
isopropyl  ether. 

8.  The  process  according  to  claim  1  wherein  said 
decahydrodecaborate  compound  selected  is  bisam- 
monium  decahydrodecaborate,  said  coating  fluid  is  a 
mixture  of  approximately  65%  by  volume  ethanol  and 
35%  by  volume  acetone,  and  said  introducing  step  fur¬ 
ther  consists  of  first  dissolving  approximately  0.125 
gram  of  said  salt  per  milliliter  of  said  fluid  prior  to  said 
wetting  step. 

9.  The  product  of  a  coated  granular  propellant  ac¬ 
cording  to  the  process  of  claim  8. 

10.  A  process  according  to  claim  1  wherein  the 
decahydrodecaborate  compound  selected  is  a  simple 
metallic  salt  selected  from  the  group  consisting  of  ce¬ 
sium  decahydrodecaborate,  Cs^BioHjo,  potassium 
decahydrodecaborate  K,B10H10.  and  the  simple  metallic 
decahydrodecaborates  salts  of  the  alkaline  and  alkaline 
earth  metals  of  Groups  la  and  2a  having  an  atomic 
number  less  than  87. 


11.  The  process  according  to  claim  10  wherein  said 
decahydrodecaborate  compound  selected  is  bis  potas¬ 
sium  decahydrodecaborate,  said  coating  fluid  is  a  mix¬ 
ture  of  approximately  65%  by  volume  ethanol  and  35% 
by  volume  acetone,  and  said  introducing  step  further 
consists  of  first  dissolving  approximately  0.125  gram  of 
said  salt  per  milliliter  of  said  fluid  prior  to  said  wetting 
step. 

12.  The  product  of  a  coated  granular  propellant  ac¬ 
cording  to  the  process  of  claim  11. 

13.  A  process  for  incorporating  an  ignition  compound 
comprised  of  certain  dechydrodecaborate  compounds 
directly  upon  exterior  surfaces  of  uncoated  nitrocel¬ 
lulose-based  propellant  grains,  through  the  steps  of: 

(A)  wetting  uncoated,  loose  propellant  grains  on  their 
exterior  surfaces  with  a  coating  fluid  having  a  sol¬ 
vating  effect  on  said  grains,  the  coating  fluid  being 
in  the  range  of  approximately  0.010  to  0.100  milli¬ 
liters  of  fluid  per  gram  of  propellant,  and 

(B)  introducing  a  layer  of  decahydrodecaborate  com¬ 
pound  onto  the  exterior  surfaces  of  said  grains  as 
the  result  of  the  wetting  effect  of  said  coating  fluid, 
wherein  said  compound  is  in  the  range  of  approxi¬ 
mately  0.1  to  4.0%  of  the  total  propellant  weight, 
wherein  said  compound  further  includes  a  salt  se¬ 
lected  from  the  class  of  salts  having  the  common 
anion  BI0H10-J,  and  a  cation  selected  from  the 
group  consisting  of: 

(i)  substituted  ammonium  cations,  wherein  the  salt 
has  the  general  formula  (RjNH^BiqHio  wherein 

i  further  R  is  selected  from  the  group  consisting  of 

hydrogen  and  alkyl  radicals  containing  less  than 
six  carbon  atoms; 

(ii)  substituted  hydrazinium  cations,  wherein  the 
salt  has  the  general  formula  (R2NKR2H}jB1&Hio 

I  wherein  further  R  is  selected  from  the  group 

consisting  of  hydrogen  and  alkyl  radicals  contain 
less  than  six  atoms; 

(iii)  tetramethylammonium,  (CH3)4N+ ,  tetraethyl- 
ammonium,  (CHjCHJ+N-f,  and  quan  ternary 
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ammonium  cations  having  the  genera]  formula 
R,N  +  where  R  is  an  alkyl  radical; 

(iv)  pyrididinium,  bipyridiniuxn  aryl-diazonium, 

aryl  containing  cations  and  substituted  aryl  con¬ 
taining  cations.  5 

(v)  the  guanidtnium  cation,  C(NH2)j-t-;  and 

(D)  doing  the  thusly  coated  propellant  grains  until 
the  exterior  surface  of  each  grain  presents  a  dry 
appearance, 

14.  The  process  according  to  claim  13  wherein  the  10 
decahydrodecaborate  compound  selected  is  soluble  in 
the  coating  fluid,  and  the  step  of  introducing  said  com¬ 
pound  further  consists  of  first  dissolving  said  compound 

in  said  fluid,  and  wetting  the  exteriors  of  said  propellant 
grains  with  the  solution  in  order  to  form  said  layer  on  13 
each  grain. 

15.  The  process  according  to  claim  13  wherein  the 
decahydrodecaborate  compound  selected  is  insoluble  in 
the  coating  fluid,  and  the  step  of  introducing  said  com¬ 
pound  further  consists  of  first  suspending  compound  20 
particles  of  approximately  ten  microns  average  diame¬ 
ter  in  said  fluid,  and  wetting  the  exterior  of  said  propel¬ 
lant  grains  with  the  suspension  in  order  to  form  said 
layer  on  each  grain. 

16.  The  proceas  according  to  claim  13  wherein  said  23 
compound  is  insoluble  in  said  fluid  and  is  the  resultant 
product  of  a  coprecipitation  of  one  of  said  salts  with  a 
solid  oxidizing  agent  by  the  steps  of: 

(i)  dissolving  both  the  decahydrodecaborate  (—  2)  salt 
and  the  oxidizing  agent  in  a  mutually  soluble  sol-  30 
vent,  at  a  temperature  sufficiently  high  to  maintain 
said  salt  and  said  oxidizing  agent  in  solution; 

(ii)  forming  a  pressurized  stream  of  said  solution  and 
bringing  said  solution  stream  together  with  a  pres¬ 
surized  stream  of  a  miscible  nonsolvent,  under  33 
conditions  of  extreme  turbulence  within  a  mixing 
chamber,  to  effect  a  substantially  complete  copre¬ 
cipitation; 

(tii)  recovering  the  coprecipitated  product  by  filter¬ 
ing  the  effluent  from  said  mixing  chamber,  and  40 
washing  said  product  with  an  inert  and  nonsolvent 
fluid; 

(iv)  drying  the  product  to  remove  all  remaining  liq¬ 
uid. 

17.  A  process  according  to  claim  13  wherein  the  step  43 
of  drying  the  coating  grains  further  comprises  tumbling 
the  wetted  and  coated  propellant  grains  in  a  container 
containing  fine  particle  graphite  powder,  thereafter 
vibrating  the  coated  grains  with  the  adhering  graphite 
powder  to  create  a  glazed  appearance,  as  the  result  of  50 
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grain -to- grain  rubbing  action,  and  drying  the  glazed 
grains  to  a  dry  appearance. 

18.  The  process  according  to  claim  13  wherein  said 
uncoated  granular  nitrocellulose  based  propellant  is 
selected  from  the  group  consisting  of  nitrocellulose, 
nitrocelJulose/nitroglycerine  and  nitrocellulose/nitro- 
glyercine/nitroguanidine  based  gun  propellants. 

19.  The  process  according  to  claim  13  wherein  the 
coating  fluid  having  a  solvating  effect  on  said  uncoated 
propellant  grains  includes  one  or  more  members  from 
the  group  consisting  of: 

acetone, 

methyl  ethyl  ketone, 
methyl  isobutyl  ketone, 
methanol, 
ethanol, 
isopropanol, 
butyl  alcohols, 
diacetone  alcohol, 
butyl  acetate, 
dibutyl  phthlate, 
ethyl  ether  and 
isopropyl  ether. 

20.  The  process  according  to  claim  13  wherein  said 
decahydrodecaborate  compound  selected  is  bisam- 
monium  decahydrodecaborate,  said  coating  fluid  is  a 
mixture  of  approximately  65%  by  volume  ethanol  and 
35%  by  volume  acetone,  and  said  introducing  step  fur¬ 
ther  consists  of  first  dissolving  approximately  0.125 
gram  of  said  salt  per  milliliter  of  said  fluid  prior  to  said 
wetting  step. 

21.  The  product  of  a  coated  granular  propellant  ac¬ 
cording  to  the  process  of  claim  20. 

22.  The  process  according  to  claim  16  wherein  the 
coprecipitated  decahydrodecaborate  compound  is  ap¬ 
proximately  15  to  25%  b)  weight  ammonium  decahy- 
d rod ecabo rate  and  the  remainder  an  oxidizing  agent 
selected  from  the  group  consisting  of  ammonium  ni¬ 
trate,  potassium  nitrate,  potassium  perchlorate,  ammo¬ 
nium  perchlorate,  guanidine  nitrate,  triaminoguanidine 
nitrate,  potassium  permanganate,  sodium  chromate, 
barium  nitrate,  barium  chromate,  barium  manganate, 
sodium  dichromate,  tetrametbylammonium  nitrate  and 
cesium  nitrate,  wherein  further  the  coating  fluid  in¬ 
cludes  one  or  more  members  selected  from  the  group 
consisting  of  isopropanol,  butylacetate/ethanol, 
acetone/ethanol,  and  ether/ethanol. 

23.  The  product  of  a  coated  granular  propellant  ac¬ 
cording  to  the  process  of  claim  22. 
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[57]  ABSTRACT 

This  invention  teaches  a  method  and  the  resultant  prod¬ 
uct  of  preparing  consolidated  propellant  charges  that 
incorporate  an  integral  ignition  compound,  specifically 
certain  simple  salts  of  decahydrodecaboric  acid  and 
coprecipitates  of  these  salts  with  an  oxidizer.  The 
charges  so  prepared  exhibit  substantially  improved  igni¬ 
tion  and  breakup  compared  to  untreated  charges,  espe¬ 
cially  at  low  temperature,  because  each  of  the  individ¬ 
ual  consolidated  grains  are  surrounded  by  the  salts 
taught  herein.  > 
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CONSOLIDATED  CHARGES  INCORPORATING 
INTEGRAL  IGNITION  COMPOUNDS 


CROSS-REFERENCES  TO  RELATED 
APPLICATIONS 

This  application  incorporates  by  reference  a  copend¬ 
ing  application  of  common  assignment  entitled  CO- 
PREC1P1TATED  PYROTECHNIC  COMPOS1-  10 
TION  PROCESSES  AND  RESULTANT  PROD¬ 
UCTS,  Ser.  No.  694,626,  filed  June  10,  1976,  which  is  a 
continuation-in-part  of  the  application  entitled  HIGH 
BURN  PROPELLANT  COMPOSITIONS,  Ser.  No. 
585,216,  filed  June  6,  1975,  now  abandoned.  15 

This  application  is  also  a  related  case  to  another  co¬ 
pending  application  of  common  assignment  entitled 
ACTIVE  BINDER  PROPELLANTS  INCORPO- 
RATING  BURNING  RATE  CATALYSTS,  Ser.  No. 
696,324,  filed  June  15,  1976,  which  related  to  uniform  20 
nitrocellulose-containing  propellant  .compositions,  em¬ 
ploying  the  same  decahydrodecaborate  (—2)  com¬ 
pounds  which  are  employed  herein.  The  present  inven¬ 
tion,  in  distinction,  it  not  a  uniform  propellent  composi¬ 
tion,  but  is  categorically  directed  to  the  consolidation  of  25 
individual  grains  of  an  existing  propellant  composition. 

BACKGROUND  AND  BRIEF  DESCRIPTION  OF 
INVENTION 

The  purpose  of  this  invention  is  to  describe  consoli-  30 
vluleJ  grain  propellant  charger  which  dtaitmstrtte  tig 
nificantly  better  ignition  characteristics  than  state-of- 
the-art  consolidated  grain  charges.  In  the  design  of 
devices  incorporating  a  propellant,  and  particularly 
those  devices  that  use  the  burning  propellant  gases  to  35 
accomplish  mechanical  work,  such  as  gun  ammunition, 
a  controlled  amount  of  gas  and  heat  must  be  released 
within  a  specified  time  period  by  the  burning  propel¬ 
lant.  With  existing  propellants,  for  example,  those  based 
on  nitrocellulose,  nitrocellulose/nitroglycerine,  and  40 
nitrocellulose/mtroglycenne/iutroguanidine,  and  bet¬ 
ter  known  to  those  practiced  in  the  art  as  “single  base,” 
“double  base,"  and  "triple  base”  propellants,  respec¬ 
tively,  the  burning  rate  of  the  propellant  is  fixed  within 
rather  narrow  limits  by  the  formulation;  a  major  change  45 
in  propellant  formulation  is  required  to  significantly 
alter  such  characteristics  as  the  basic  burning  rate.  As  a 
result,  to  control  the  release  of  heat  and  gas  in  a  device 
such  as  a  rocket  motor  chamber,  gun  chamber,  or  other 
gas  generating  device,  the  propellant  is  configured  into  50 
a  sometimes  complicated  three  dimensional  geometry, 
known  as  a  “grain,"  so  that  the  amount  of  surface  burn¬ 
ing  at  a  given  time  is  controlled.  The  inherent  burning 
rate  of  the  propellant  and  the  grain  size  and  geometry 
determine  the  burning  rate  or  “quickness”  of  the  propel-  55 
lant  mass.  The  function  sequence  of  the  propellant  bed 
burning  can  be  discussed  in  terms  of  two  events:  (1) 
ignition  of  the  exterior  surface  of  the  grain,  and  (2) 
regressive  burning  of  the  propellant  grain.  The  first 
event,  ignition,  depends  on  the  propagation  of  *  fitaic  eO 
front,  generated  by  a  priming  source  and  burning  of 
those  propellant  grains  ignited  first,  through  the  propel¬ 
lant  bed.  In  a  loosely  packed  bed  of  individual  propel¬ 
lant  grains,  this  flame  front  propagates  easily  through 
the  interstitial  voids  in  the  bed.  Often,  however,  in  the  65 
design  of  devices  incorporating  such  packed  granular 
propellants,  it  becomes  very  desirable  to  package  the 
maximum  amount  of  usable  chemical  energy  (in  the 
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form  of  the  unburaed  propellant)  into  a  minimum 
amount  of  space.  This  reduces  the  overall  volume  and 
therefore  packaging  weight  and  space  of  the  device. 
Toward  this  end,  a  method  has  been  developed  by  those 
practiced  in  the  art,  of  consolidating  a  loosely  packed 
propellant  bed  into  an  integral  grain,  thus  reducing  the 
overall  volume  of  the  propellant  mass.  The  resulting 
grain  is  commonly  known  as  a  molded  charge,  "consoli¬ 
dated  charge"  or  "consolidated  grain."  The  amount  of 
interstitial  void  volume  is,  of  course,  reduced  in  the 
volume  reduction  process,  thus  rendering  it  more  diffi¬ 
cult  for  the  initiating  flame  front  to  penetrate  the  de¬ 
formed,  individual  grains  comprising  the  propellant 
mass.  The  successful  ignition  of  the  individual  grains, 
therefore,  critically  depends  on  breakup  of  the  consoli¬ 
dated  grain  and  passage  of  the  flame  front  through  the 
disintegrating  mass.  With  a  consolidated  charge,  it  is 
desirable  to  have  the  consolidated  or  densified  propel¬ 
lant  burn  as  effectively  as  a  loosely  packed  propellant 
bed.  This  invention  described  consolidated  charges, 
fabricated  in  a  manner  analogous  to  state-of-the-art 
consolidation  procedures,  though  unique  in  that  they 
incorporate  a  burning  rate  enhancing  layer  as  an  initial 
coating,  of  as  a  chemically  bound  surface  layer,  on  the 
individual  propellant  grains,  which  layer  is  then  dis¬ 
persed  as  a  uniform  matrix  throughout  the  consolidated 
grain  mass.  The  burning  rate  enhancer,  specifically 
consisting  of  selected  compounds  based  on  decahy¬ 
drodecaborate  (—2)  salts,  greatly  facilitates  propaga¬ 
tion  of  the  initiating  flame  front  through  the  propellant 
mass  and  breakup  of  the  eonsofidared  grain.  The  spe 
cific  bum-rate  enhancers  taught  herein  have  been  found 
to  be  unusually  effective  in  promoting  the  break-up  of 
the  individual  grains  which  were  deformed  together  by 
the  consolidation.  The  charges  described  by  this  inven¬ 
tion  therefore  demonstrate  significantly  better  ignition 
and  burning  characteristics  than  similar  state-of-the-art 
consolidated  grains  at  ambient  temperature;  the  im¬ 
provement  is  even  more  marked  at  low  temperature. 

DETAILED  DESCRIPTION  OF  THE 
INVENTION 

The  present  invention  describes  a  method,  and  resul¬ 
tant  product,  of  manufacturing  consolidated  propellant 
charges  that  incorporate  individual  grains  surrounded 
by  a  matrix  of  an  integral  ignition  composition,  specifi¬ 
cally  ignition  compounds  that  are  themselves,  or  con¬ 
tain,  certain  salts  of  decahydrodecaboric  acid. 

The  manufacture  of  a  consolidated  charge  consists, 
firstly,  of  obtaining  a  suitable  propellant  in  grain  or 
spherical  configuration  with  a  range  of  burning  proper¬ 
ties  and  chemical  composition  of  combustion  products 
for  the  intended  purpose,  such  as  accelerating  a  projec¬ 
tile  in  a  gun.  Commonly  used  granular  propellants  for 
this  purpose  are  “single,"  "double,"  or  "triple  base” 
propellants  as  known  by  those  practiced  in  the  art,  and 
these  propellants  may  incorporate  one  or  more  layers 
on  the  grain  surface,  such  as  graphite  or  polymer 
(known  as  a  "deterrent”  layer),  to  aid  in  handling  or 
modifying  inhial  ignition  vharaoieristics.  The  individual 
propellant  grains  may  be  configured  in  spherical  or 
ellipsoidal  shapes,  representative  diameters  or  average 
diameters  of  C.G1  inch  to  C.05  inch  or  more  and  known 
as  "ball  propellant,"  or  cylindrical  shapes  with  one  or 
more  longitudinal  perforations,  with  characteristic  web 
dimensions  0.009  inches  to  0.03  inches  or  more.  The 
method  taught  herein  for  incorporating  the  ignition 
compound  into  the  resulting  consolidated  grain  is  gen- 
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eral  to  any  of  the  types  of  commonly  used  propellants, 
and  the  classes  listed  and  examples  presented  are  not 
intended  to  be  limiting. 

The  known  consolidation  process  consists,  in  general, 
of  applying  a  solvent  or  liquid  to  the  desired  quantity  of  5 
loose  propellant,  placing  the  wetted  propellant  in  a 
.press  mold,  and  pressing  the  loose  propellant  to  a  set 
pressing  pressure  or  density.  The  final  charge  configu¬ 
ration  may  be  any  geometry  for  which  a  mold  can  be 
fabricated  and  reasonably  uniform  density  attained  dur-  10 
ing  pressing.  In  normal  consolidation  procedures,  it  is 
desirable  to  control  the  propellant  and  mold  tempera¬ 
ture  between  20*  and  60*  C.  The  type  and  amount  of 
solvent  or  liquid,  the  pressing  pressure  and  density,  and 
the  temperature  at  pressing  are  all  dependent  on  the  15 
type  of  propellant  used  and  the  properties  and  geometry 
desired  of  the  end  configuration.  The  incorporation  of 
ignition  composition  is  compatible  with  the  preferred 
ranges  of  these  variables  as  described  herein. 

The  ignition  composition  is  conveniently  introduced  20 
into  the  present  consolidation  process  at  the  point 
where  the  loose  propellant  is  wetted  by  the  solvent  or 
liquid  carrier.  The  compositions  useful  as  ignition  aids 
may  be  either  soluble  or  insoluble  in  the  solvent  or 
carrier  being  used,  the  solubility  being  dependent  on  the  25 
solvent  or  carrier  type,  the  ignition  composition  type 
and  the  consolidating  temperature. 

The  ignition  compounds  useful  in  this  invention  are 
from  two  general  classes;  the  first,  Class  (1),  being  sim- 
pie  salts  of  decahydrodecaboric  acid,  and  the  second, 
Class  (2),  being  coprecipitates  of  salts  from  Class  (1) 
with  a  suitable  oxidizing  agent. 

The  two  classes  of  decahydrodecaborate  compounds 
are  defined  as  follows: 

CLASS  (1) 

The  simple  decahydrodecaborate  salts  used  in  this 
invention  are  compounds  of  the  general  chemical  for¬ 
mula:  4Q 

where  M  is  a  cation  or  Comdex  cation  incorporating 
hydrogen,  nitrogen,  carbon,  or  metals,  or  some  combi¬ 
nation  thereof,  and  is  further  chosen  from  the  list  given  45 
below;  x  is  the  number  of  M  ions;  and  y  is  equal  to: 

x  tiroes  the  valence  of  the  M  ion/2 


(CHj)jNHj-f ,  trimethylammoniura  (CH3)3NH  +  , 
and  triethylammonium  (CH3CHj)3NH-I-. 

d.  substituted  hydrazinium  cations,  wherein  the  sa 
has  the  general  formula  (RjNNR3H)3B|oH,  whei-»- 
K  can  be  hyorogen  (M)  or  an  alkyl  radical  (pre¬ 
ferred  radicals  contain  less  than  six  (6)  carbc 
atoms),  and  the  substituted  alkyl  groups  can  t 
symmetric  or  assymetric  with  respect  to  the  N  **, 
linkage.  "Symmetric  substituted  cations  are  de¬ 
scribed  by  KNOTH  U.S.  Pat.  No.  3,149,163.  A 
example  of  an  unsymmetric  substituted  cation 
(1,1)  dimethylhydrazinium.  The  R’s  in  the  preceu- 
ing  formula  may  be  mixed  alkyl  radicals. 

e.  quaternary  ammonium  salts  of  the  general  formu 
(R*N)jB|oHio,  where  R  is  an  alkyl  radical;  the  R 
in  the  preceding  formula  may  represent  mixeu 
alkyl  groups.  Examples  of  typical  cations  are  tetra- 
methylammonium  (CHj^N4  and  tetraethylamm 
nium  (CH3CHj)4N+. 

f.  aryl  containing  cations,  such  as  pyridinium, 
bypyridinium,  or  substituted  aryl  cations,  such  as 
aryldiazonium  cations. 

g.  guanidinium  ion,  C(NHj)3+,  wherein  the  salt  h 

the  formula  (C(NH2)3)2BioH,o,  and  is  described  in 
an  application  of  common  assignment,  entitled 
BIS-GUANIDINIUM  DECAH 

DRODECABORATE  AND  A  PROCESS  FC 
ITS  PREPARATION,  filed  June  10,  1976  and 


now  U.S.  Pat.  No.  4,002,681. 
h.  metal  ions,  derived  from  metals  defined  by  a  Pc 
odic  Table  such  as  that  in  the  "Handbook  of  Che  . 
istry  and  Physics",  54th  Edition,  inside  front  cover,  j 
by  the  elements  in  Groups  1,  2,  8,  3 6.  46,  56,  66  and  j 
76.  and  the  elements  of  Groups  3a,  4a.  Sa  and  1  j 
with  atomic  numbers  greater  than  5,  14,  33,  and  f, 
respectively.  The  metal  decahydrodecaborate  salts  | 
are  further  described  by  KNOTH  U.S.  Pat.  No.  j 
3,148,939.  Examples  of  such  metal  salts  i  h 
Cs2B10H10and  KjB10H,o.  the  cesium  and  potassii  1  j 
salts  of  decahydrodecaboric  acid,  which  are  repre-  j 
sen-a.ivc  of  alkali  meinl  salts  prefer  red  fot  ll.e  ffi  j 
positions  described  in  this  invention. 


CLASS  (2) 

An  intimate  blend  of  the  compounds  described  in 
Class  (1)  above,  with  an  oxidizing  agent,  in  a  man  r 


that  a  chtmiezlly  and  pbyefeJly  iifletert  prod  tic  1 
obtained  than  the  starting  materials. 


The  compounds  may  further  be  defined  as  certain  salts  50  The  process  by  which  the  compositions  of  this  class 
of  decahydrodacaboric  acid,  and  thus  contain  as  a  com-  are  prepared  produces  a  very  intimate  blend  or  deca  ’- 

mon  ion  the  decahydrodecaborate  (-2)  anion  B10HI0-J.  drodecaborate  (-2)  ion  with  the  oxidizer  and  makes  e 

The  cation  M  is  chosen  from  the  classes:  compositions  so  prepared  chemically  and  physically 

a  ammonium,  NH,+,  wherein  the  salt  has  the  for-  unique  from  physical  blends  of  decahydrodecaborate 
mula  (NKJjBioHio  and  is  described  by  KNOTH  55  (-2)  salts  with  oxidizer  or  pyrotechnic  compositi  s 
U.S.  Pat.  No.  3,148,938.  incorporating  decahydrodecaborate  (—2)  salt,  as  :- 

b.  hydrazinium,  NH2NH3  +  .  wherein  the  salt  has  the  scribed  above,  and  also  dissolving,  in  the  same  solutibh, 

formula  (NHjNH3)jB|oH,o  and  is  described  by  an  oxidizing  agent,  as  described  above.  The  subject 

KNOTH  U.S.  Pat.  No.  3,148,938.  composition  is  recovered  by  precipitating  the  comi  s- 

c.  substituted  ammonium  cations,  wherein  the  salt  has  60  ite  ingredients  of  the  solution  with  a  suitable  non  1- 

the  general  formula  (R3NH)2B|oH,(>  where  R  can  vent.  The  resulting  solid,  after  filtration  and  dryihfc, 

be  hydrogen  (H)  or  alkyl  radical  (preferred  radicals  comprises  and  intimate  mixture  of  the  decahy- 

contain  less  than  six  (6)  carbon  atoms).  The  R’s  in  drodecaborate  (-2)  anion  with  the  oxidizing  catioi  >r 

the  preceding  formula  may  represent  different  substance,  in  a  form  that  is  chemically  and  physic  y 

alkyl  groups.  Compounds  with  two  or  three  hydro-  65  different  than  the  starting  materials. 

gen  radicals  are  described  by  KNOTH  U.S.  Pat.  The  process  may  be  properly  called  a  “cocrystalliza- 
No.  3,149,163.  Typical  cations  are  methylam-  tion”  or  “coprecipitation”  and  the  resulting  produi  a 
mo-ititn  ^H  JNH|  +  .  dimethylammonium  “cocrystallate”  or  “cotrecipitate.” 
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These  unique  coprecipitited  Class  (2)  salts,  contain¬ 
ing  the  anion,  and  the  process  for  their  cre¬ 

ation,  are  themselves  further  disclosed  in  a  copending 
patenl  application  of  common  asai^nment  tt, titled, 
•'COPRECIPITATED  PYROTECHNIC  COMPOSI-  5 
TION  PROCESSES  AND.  RESULTANT  PROD¬ 
UCTS,"  filed  June  10  1976,  assigned  Ser.  No.  694,626, 
which  is  incorporated  herein  by  reference. 

The  ignition  compounds  may  be  soluble  or  insoluble 
in  the  solvent  or  liquid  carrier.  The  solvent  or  liquid  10 
earners  used  in  consolidating  grains  are  of  such  a  type 
that  the  propellant  ingredients  will  not  react  with  the 
contacting  liquid.  The  purpose  of  the  solvent  or  carrier 
is  to  provide  a  softening  and/or  wetting  of  the  propel¬ 
lant  surfaces  in  order  that  the  individual  grains  will  13 
readily  compact  during  the  consolidating  process  and 
remain  sealed  together  to  form  an  integral  charge  after 
consolidation.  For  this  purpose,  a  wide  variety  of  chem¬ 
ically  pure  solvents  and  vehicles  or  mixtures  of  these 
solvents  and  vehicles  may  be  used  by  those  practiced  in  20 
the  consolidating  process,  to  control  such  various  termi¬ 
nal  parameters  as  charge  density  and  grain-to-grain 
structural  integrity,  or  gross  grain  physical  properties. 
Preferred  solvents  and  vehicles  which  are  compatible 
with  common  propellant  ingredients  include  those  with  23 
functional  organic  groups  such  as  ketones  (acetone, 
methyl  ethyl  ketone,  methyl  isobutyl  ketone);  alcohols 
(methanol,  ethanol,  isopropanol,  butyl  alcohols,  diace¬ 
tone  alcohol),  esters  (butyl  acetate,  ethyl  acetate,  dibu- 
tylphthalate);  ethers  (ethyl  ether,  isopropyl  ether).  30 
Otner  solvents  ana  vemetes  wmen  meet  me  solubility, 
non  reactivity,  and  volatility  requirements  to  achieve 
consolidation  are  available,  and  the  above  list  is  not 
meant  to  be  limiting.  Mixtures  of  the  forementioned 
solvents  are  commonly  used  to  control  one  or  more  35 
critical  parameters.  Some  mixtures  may  contain  a  small 
amount  of  adhesive  to  improve  grain-to-grain  integrity, 
such  as  collodion  (4  grams  pyroxylin  (chiefly  nitrocellu¬ 
lose)  in  100  ml  of  a  mixture  of  1  volume  ethanol  and  3 
volumes  ethyl  ether).  It  should  be  noted  that  some  sol-  40 
vents,  in  particular  those  containing  dibutylphthalate 
act  so  as  to  achieve  a  deterring  layer  at  the  grain-grain 
interface,  thus  reducing  ignition  efficiency  (which  may 
be  desirable  for  some  applications). 

The  ignition  compositions,  depending  on  the  class,  45 
which  are  the  key  elements  in  the  process  and  product 
taught  by  this  invention,  may  be  soluble  or  insoluble  in 
the  solvent  or  carrier  used  in  the  consolidating  process, 
and  furthermore  the  choice  of  solvent  or  carrier  system 
depends  somewhat  on  the  type  of  ignition  compound  to  50 
be  used. 

The  simple  decahydrodecaborate  salts,  represented 
by  Class  (1)  of  the  preceding  list  of  the  specific  ignition 
aides,  may  be  soluble  or  insoluble  in  the  solvent  or 
vehicle  system  used.  A  critical  requirement  of  the  use  of  53 
these  simple  salts  is  an  intimate  contact  with  the  individ¬ 
ual  propellant  grain  ingredients  (particularly  nitrocellu¬ 
lose  with  or  without  nitroglycerine),  which  must  act  as 
oxidizers  to  combust  the  salt,  which  acts  as  a  fuel.  The 
result  of  the  intimate  interface  of  binder  oxidizer  and  60 
fuel  is  a  layer  which  will  have  a  faster  burning  rate  than 
the  original  propellant  composition,  and  one  which  lies 
both  on  the  exterior  surface  of  the  original  propellant 
grains  and  forms  a  matrix  between  the  grain-to-grain 
boundaries.  65 

To  achieve  the  required  U’limtte  contact  between 
propellant  oxidizer  and  decahydrodecaborate  salt,  it  is 
preferrable  that  the  salt  either  be  dissolved  in  the  sol¬ 


vent  or  vehicle,  or  be  of  a  very  fine  particle  size  that  is 
suspended  in  the  solvent  fluid.  Ten  microns  average 
diameter  is  a  preferred  upper  limit  on  the  average  diam¬ 
eter  of  undi»»ulved  »alt  crystals. 

Representative  examples  of  Class  (1)  decahy¬ 
drodecaborate  salts  dissolved  in  a  solvent  carrier  system 
are  bis-ammonium  decahydrodecaborate  in  acetone/e¬ 
thanol  or  isopropanol,  and  dipotassium  decahy¬ 
drodecaborate  in  acetone/ethanol.  The  solubility  of  the 
decahydrodecaborate  salts  -in  solvent  systems  varies 
considerably,  and  must  be  considered  separately  for 
each  individual  case.  In  general,  the  decahydrodecarbo- 
rate  salts  with  relatively  small  cations,  as  represented  by 
Class  1(a)  and  1(b)  and  certain  members  of  Classes  1(c) 
(such  as  methylammonium  or  dimethylammonium), 
1(d)  and  1(h)  (such  as  sodium  or  potassium),  are  more 
likely  to  be  soluble  in  selected  members  from  the  list  of 
solvents  than  salts  with  larger  molecular  weight  cations, 
for  example,  cesium  or  tetramethylammonium.  It  is 
desirable  to  initially  dry,  i.e.,  remove  water,  from  the 
prepared  solutions  by,  for  example,  letting  the  prepared 
solutions  stand  over  calcium  sulfate,  or  other  drying 
agent,  in  order  to  avoid  introducing  excess  moisture 
into  the  consolidated  charges. 

Examples  of  useful  decahydrodecaborate  salts  insolu¬ 
ble  in  most  solvents  and  carriers  are  tetramethylammo¬ 
nium  decahydrodecaborate  and  dices.um  decahy¬ 
drodecaborate,  which  may  be  incorporated  into  a  sur¬ 
face  layer  by  suspending  them  in  a  carrier  which  has 
some  solvent  ability  on  the  propellant  as  for  example, 
butyl  acetaie/etnanol,  acetone/ ethanol,  or  ether/ace¬ 
tone  mixtures.  The  solvent  with  the  suspended  decahy- 
dro-decaborate  salt  is  applied  to  the  propellant  in  the 
same  manner  as  the  pure  solvent.  In  either  case,  a  distin¬ 
guishable  layer  of  the  salt  is  formed  around  the  individ¬ 
ual  propellant  grains. 

It  should  now  be  emphasized  that  the  decahy¬ 
drodecaborate  compounds  of  Class  2,  i.e.,  decahy¬ 
drodecaborate  salts  coprecipitated  with  an  oxidizer, 
must  be  insoluble  in  the  consolidation  fluid,  in  order 
that  the  intimate  crystalline  structure  of  the  coprecipi¬ 
tate  is  not  degraded.  As  with  the  insoluble  simple  salts, 
the  Class  2  compounds  may  be  suspended  in  the  propel¬ 
lant  solvent  or  vehicle.  In  contrast  to  the  insoluble  sim¬ 
ple  salts  of  Class  I,  the  Class  2  coprecipitates  are  self 
combusting,  and  do  not  require  interface  with  the  oxi¬ 
dative  ingredients  of  the  propellants  to  achieve  ignition 
enhancement.  They  may  thus  be  applied  in  an  outer 
layer  in  such  a  manner  that  the  propellant  solvent/sus¬ 
pended  ignition  carrier  system  does  not  penetrate  as 
deeply  into  the  surface  of  the  individual  propellant 
grains  as  that  for  the  Class  1  compounds,  for  example  by 
using  a  carrier  such  as  isopropanol,  which  does  not  have 
appreciable  solvent  ability  on  typical  propellants,  but 
which  will  soften  the  propellant  surface  sufficiently  for 
the  Class  2  ignition  compounds  to  adhere  to  the  surface, 
forming  an  outer  layer.  Examples  of  Class  2  ignition 
composition  and  acceptable  solvent  carriers  are  the 
coprecipitate  of  25-parts-by-weight  cesium  decahy¬ 
drodecaborate  and  75-parts-by-weight  potassium  nitrate 
with  isopropanol,  butyl  acetate/ethanol,  acetone/e¬ 
thanol,  or  ether/ethanol  carriers  and  the  coprecipitate 
of  15-parts-by-weight  tetramethylammonium  decahy- 
dro-decaborate  and  85-parts-by-weight  potassium  ni¬ 
trate  with  the  same  carriers. 

The  CcnftcHdmkje  f  rocew  may  fha  include  dis¬ 
solving  or  suspending  the  decahydrodecaborate  com¬ 
pound  in  a  predetermined  concentration  in  the  solvent 
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or  earner.  The  amount  of  propellant  solvent  fluid  pre¬ 
ferred  fvjt  the  consolidation  process  is  between  U.010 
and  0  100  milliliters  of  fluid  (for  solution  or  suspension 
of  the  salt  compounded)  per  gram  of  propellant.  The 
preferred  limits  on  decahydrodecaborate  compounds 
are,  as  follows: 

Class  1  soluble:  0.1  to  1.0%  of  the  total  propellant 
weight; 

Class  1  insoluble:  0.3  to  2.0%  of  the  total  propellant 
weight; 

Class  2:  0.5  to  4.0%  of  the  total  propellant  weight. 
The  required  concentration  of  the  ignition  com¬ 
pound  in  the  consolidating  fluid  may  be  calculated 
for  each  case  from  the  amount  of  fluid  to  be  used 
and  the  percent  concentration  of  the  ignition  com¬ 
pound  desired. 

The  propellant  is  wetted  with  the  requisite  amount  of 
the  solution  or  suspension  and  mixed  well;  in  normal 
practice  the  solution  or  suspension  is  rapidly  absorbed 
by  the  propellant  to  give  a  dry  appearance.  The  propel-  20 
lant  is  then  consolidated  in  the  accepted  fashion,  at 
which  time  the  individual  wetted  grains  are  fused  into  a 
charge  with  the  desired  density.  The  ignition  composi¬ 
tions  remain  in  a  surface  layer  of  variable  thickness 
(depending  on  the  solvent  power  of  the  consolidating  25 
fluid)  on  the  exterior  surfaces  r-'enaining  on  the  individ¬ 
ual  grains  or  encompassed  between  the  fused  grain-to- 
grain  boundaries  formed  during  the  consolidation.  This 
new  matrix  layer  formed  provides  a  fast  burning  chan¬ 
nel  through  the  consolidated  charge  bed,  which  aids  in  30 
flame  front  propagation  and  charge  breakup,  and,  as 
well,  aids  the  propellant  ignition  uniformly  over  the 
individual  grain  surfaces.  The  decahydrodecaborate  salt 
may  be  considered  a  burning  rate  catalyst  or  ignition 
enhancer  seeded  into  the  propellant  surface  or,  altema-  35 
tively.  the  layer  may  be  considered  as  a  new  propellant 
composition  with  a  bum  rate  higher  than  the  propellant 
initially  present  in  the  grain,  the  two  interpretations 
being  one  and  the  same,  and  physically  equivalent. 

The  consolidated  charge  assemblies  prepared  by  this  40 
method,  after  a  suitable  drying  period,  exhibit  substan¬ 
tially  better  ignition  properties  than  untreated  units. 
The  efTect  of  the  introduction  of  the  ignition  composi¬ 
tion  directly  into  the  consolidated  charge  is  to  place  the 
ignition  stimulus  in  very  intimate  contact  with,  in  fact,  45 
as  part  of,  the  propellant  surface,  so  as  to  achieve  a 
direct  heat  input  into  the  surface  of  each  individual 
grain.  The  fast  transfer  of  the  ignition  impetus  through¬ 
out  the  consolidated  charge  facilitates  grain  breakup, 
which  is  quite  necessary  for  proper  overall  propellant  50 
charge  function. 

The  ignition  enhancement  is  illustrated  by  the  follow¬ 
ing  examples. 

EXAMPLE  I 

A  typical  single  base  propellant,  consisting  of  approx¬ 
imately  91.85%  nitrocellulose,  0.5%  diphenylamine, 
0.15%  potassium  sulfate,  5.6%  methyl  centralite  as  a 
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deterrent  coaling,  0.4%  graphite  as  a  glazed  layer,  anc., 
1.5%  residual  moisture  and  volatiles  such  as  ran  he 
purchased  as  Canadian  Industries  Ltd.  (CIL)  #5479,  is 
chosen  as  representative  of  the  class  of  single,  doubli 
and  triple  base  granular  propellants  considered  in  thi 
invention.  A  consolidation  process  is  employed 
whereby  the  propellant  grains  are  treated  with  a  mix¬ 
ture  of  65%-by-volume  of  ethanol  and  35%-by-volumi 
of  acetone,  in  the  ratio  0.05  milliliters  of  solution  pc 
gram  of  propellant.  The  wetted,  loose  propellant  grains 
are  placed  in  a  die  maintained  at  30*  centigrade  and 
pressed  at  13,000-15,000  pounds  per  square  inch  fo 
30-60  seconds.  The  die  used  in  these  examples  has 
diameter  of  0.50  inches;  two  grams  of  propellant  are 
used,  giving  a  consolidated  pellet  of  length  approx1- 
mately  0.50  inches. 

The  present  invention  involves  introducing  th 
decahydrodecaborate  compound  into  the  process  as  the 
propellant  is  being  wetted  and  prepared  for  pressing;  ac 
by  tumbling  the  wetted  propellant  grains  in  the  require 
amount  of  decahydrodecaborate  compound  powder.  I 
this  example,  a  decahydrodecaborate  compound  con¬ 
sisting  of  15%-by-weight  tetramethylammonium 
decahydrodecaborate  (—2)  coprecipitated  with  85% 
by-weight  potassium  nitrate,  which  is  representative  c. 
decahydrodecaborate  compounds  of  Class  (2),  is  used. 
This  compound  is  insoluble  in  the  solvent  mixture,  and 
deposits  in  a  solid  coating  on  the  individual  grain  su 
faces.  A  series  of  pellets  consisting  of  pure  propellar 
(control  samples)  and  varying  amounts  of  the  decahy¬ 
drodecaborate  compound  is  prepared  according  to 
Table  I. 

The  pellets  are  tested  by  mounting  the  pellet  in 
closed  bomb  of  approximately  100  cc  free  volume  pres¬ 
sured  to  1,000  pounds  per  square  inch  gauge.  A  small 
area  of  the  pellet  is  placed  in  contact  with  a  nichrorr 
wire.  A  current  of  several  amps  applied  to  the  wii 
ignites  the  pellet,  pressure-vs-time  for  the  ignition  and 
burning  sequence  is  recorded  on  a  fast  oscillograph. 

The  primary  criteria,  as  shown  in  Table  1,  for  con 
parison  between  control  units  and  decahydrodecabi 
rate  compounds  is  the  ignition  time,  defined  as  the  first 
measurable  deviation  from  the  starting  pressure  baseline 
to  10%  of  the  peak  pressure.  The  propellant  grail 
incorporating  the  decahydrodecaborate  compour 
show  a  marked  improvement  in  the  ignition  time.  More¬ 
over,  the  pressure  traces  show  a  much  better  defined 
deviation  from  baseline  than  control  units.  Other  signi 
cant  criteria,  also  shown  on  Table  I,  are  the  peak  pre 
sures  obtained,  the  time  between  deviation  from  base¬ 
line  and  peak  pressure,  and  the  slope  of  the  curve  be¬ 
tween  the  10%  and  90%  ((dP/dt)10.,o)  of  peak  pressu 
points.  The  pellets  incorporating  the  decahydrodecab 
rate  compound  are  superior  to  the  control  units  in  all 
respects,  except  that  the  (dp/dt)io.9o)  of  the  unit  having 
4.9%  decahydrodecaborate  compound  is  lower  th 
the  control  units.  This  establishes  an  upper  limit  to  t 
concentration  of  compound  in  the  pellet. 


Table  1 


Pellet  Type 

Decahydrodecs  borate 
Compound 
% 

Ignition 

Time 

Milliseconds 

Peek  Pressure 
poundi  per  square 
Inch  Gauge 

Tune  to  peak 
Pressure 

(JL.) 

1  d,  ).I0~. 

(PS  1/MSEC) 

A  (Control) 
(Units  A-l) 

0 

9.8/11.0 

2113/2063 

36.0/37.4 

91.9/90.7  ” 

(and  A-2) 

... 

B 

1.4 

3.6 

2400 

30.0 

102.1 

C 

13 

6.2 

2200 

31J 

101.1 

D 

3.1 

7.4 

2275 

30.1 

1114 

1  i 


•< 


it 


..  .  i  .  j. : n r; ,■  j 
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Table  I-continued 


Pellet  Type 

Dec.hydrodeabor.te 

Compound 

% 

Ignition 

Time 

Milliseconds 

Pak  1  muure 
pounds  per  Kguue 
Inch  Giuge 

Time  to  peak 
Pressure 

(-JT  >10- <0 
(PSI/MSEO 

E 

4.9 

1.2 

2125 

35.6 

S3.0 

incorporating  decahydrodecaborate  compounds  from 
EXAMPLE  II  both  Class  I  and  II  demonstrate  significantly  improved 

A  series  of  pellets,  using  the  same  propellmit  as  Exam-  ignition  characteristics  oyer  that  of  the  control  at  this 

pie  I  are  pressed,  incorporating  decahydrodecaborate  10  low  temperature.  The  ignition  time,  as  defined  in  Exam- 
compounds  as  described  in  Table  II.  The  control  units  pie  I,  is  faster  than  the  control  units  at  ambient  tempera- 
F,  and  the  units  G  containing  15%-by-weight  tetra-  ture,  and  are  as  shown  in  Table  III. 


TABLE  II  (70*  F) 


Pellet 

Type 

Decahydrodecaborate 

Compound 

% 

lenition  Tune 
(MSEC) 

Peak 

Pressure 

(PSI) 

Time  to  Pat 
Pressure 

(MSEC) 

'^dT  t,0-K 

(PSI/MSEC) 

F 

0 

14 

1600 

47 

63.5 

^Control) 

H 

2.&'l 

0.44n> 

4.0 

3.5 

1(55 

1763 

27.0 

29.0 

92.8 

1 10.2 

‘‘Tecahydrodecaboiale,  CUm  11 
0>Dcc*hydrodec*bor»tr,  CUu  U 

TABLE  III  (- 

65’  F) 

Pellet  Time 

Decahydrodecaborate 

Compound 

% 

lenition  Time 
(MSEC) 

Pat 

Pressue 

Time  to  Peak 

Pressure 

(MSEC) 

,JL-  s 
(  d,  ).!-.» 

(PSI/MSEC) 

F 

0 

25-30 

850-1000  55-67 

32-40 

(Control) 

G 

H 

zo-s.o*11 

0.44(1> 

2-5 

6-9 

1040-1200  35-39 
950-1060  34-36 

47-59 

44-54 

0>DccAhydrocJcc*bof*i£,  CUu  11 

°t>ecahydrodec*bor»ir,  Clnis  !(■) 


methylammonium  decahydrodecaborate  coprecipitated 

Iwith  85%-by-weight  potassium  nitrate,  are  manufac¬ 
tured  in  a  manner  identical  with  Example  I. 

A  third  set  of  units  -H-  incorporates  bisammonium 
decahydrodecaborate,  a  pure  simple  salt  from  Class  1(a) 

(which  is  representative  of  salts  and  decahydrodecabo¬ 
rate  compounds  which  are  soluble  in  the  consolidating 
solvent.  In  this  procedure,  the  decahydrodecaborate 
salt  is  dissolved  in  the  solvent  at  the  desired  concentra- 

Ition,  in  this  case  0.9g  salt  per  100  ml  solution,  and  the 
consolidation  process  done  in  a  manner  otherwise  iden¬ 
tical  with  Example  I. 

Representative  pellets  are  tested  at  ambient  tempera- 

Iture  (circa  70’  F)  in  a  manner  identical  to  Example  I, 
except  that  the  bomb  volume  is  slightly  larger,  125  cc 
(thus  peak  pressures  are  lower  than  Example  I).  The 
critical  parameters  of  the  pressure-vs-time  traces  are 
■shown  in  Table  II.  The  control  units  F,  as  well  as  the  G 
■units,  exhibit  behavior  similar  to  that  as  found  in  Exam¬ 
ple  I.  The  soluble  Class  1(a)  decahydrodecaborate  com¬ 
pounds,  units  H,  also  demonstrate  a  pronounced  igni- 


EXAMPLE  III 

35  A  single  base  propellant,  consisting  of  approximately 
91.0%  nitrocellulose,  0.7%  diphenylamine,  0.3%  potas¬ 
sium  sulfate,  5.2%  ethylene  dimethacrylate  and  0.4% 
graphite  as  a  coating,  and  2.5%  residual  moisture  and 
volatiles,  such  as  can  be  purchased  as  DuPont  smokeless 
40  powder  8472-1,  is  chosen  as  a  representative  propellant 
which  is  relatively  difficult  to  ignite. 

A  consolidation  process  identical  with  Examples  I 
and  II  is  used  to  fabricate  pellets  containing  0  and  speci¬ 
fied  amounts  of  decahydrodecaborate  compounds  of 
45  Class  I  and  Class  II  as  represented  in  Table  IV.  The 
pellets  are  ignited,  at  ambient  and  low  temperature, 
with  parameters  measured  and  recorded  in  Table  IV,  in 
an  identical  manner  with  Example  II.  The  critical  pa¬ 
rameters  of  the  pressure-vs-time  traces  for  each  event 
50  are  shown  in  TABLE  IV. 

As  with  Example  II,  the  units  incorporating  decahy¬ 
drodecaborate  compounds  show  marked  ignition  en¬ 
hancement,  especially  at  reduced  temperatures. 

TABLE  IV 


Pellet  Type 

Decahydrodecaborate 

Compound 

Temperature 
at  Ignition 

Ignition 

Time 

(MSEC) 

Ptak 

Press ure 
(PSI) 

Time  to  Peat 

Pressure 

(MSEC) 

(  d,  >!-» 
(PSI/MSEC) 

I 

0 

70"  F 
—  65*  F 

10.5 

60-104 

1790 

800-1025 

31 

141-180 

143 

11-23 

J 

1.7-Z7<I) 

70 '  F 
-65*  F 

1.5 

1-1.5 

1780 

920-1090 

19 

40-48 

142 

22-38 

K 

0.44n> 

70*  F 
-65*  F 

4 

7-12 

1730 

750-960 

19 

40-55 

173 

21-36 

(llDec*hydrodec»bor»le  Compound,  Claa  11. 
0>Dec*h y drodcc*bor» le  Compound,  CUm  1(a). 


tion  enhancement. 

Additional  units  of  configuration  F,  G  and  H  are  fired 
in  the  identical  closed  bomb  except  that  the  bomb  and 
peUet  are  conditioned  to  -65*  F  at  firing.  The  units 


65 


In  summary,  the  above  representative  examples  illus¬ 
trate  the  synergistic  results  obtainable  when  a  process  of 
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consolidating  a  granular  nitrocellulose-base  propellant 
includes  the  novel  step  of  incorporating  a  layer  of  spe¬ 
cific  decahydrodecaborate  compounds,  on  the  exterior 
of  each  grain  before  the  consolidation  step.  The  decahy¬ 
drodecaborate  compound  specified  herein  may  nor-  3 
mally  be  thought  of  as  a  high  energy  fuel,  however,  the 
small  percentages  of  them  in  the  instant  process  do  not 
explain  the  unexpected  enhanced  ignition  which  have 
been  shown  by  the  representative  examples.  Rather,  the 
present  invention  involves  the  synergistic  combination  '0 
of  an  additional  fuel  upon  the  propellant  grains,  despite 
the  fact  that  the  propellants  themselves  are  known  to  be 
fuel-rich.  The  present  invention  critically  depends  upon 
the  decahydrodecaborate  anion,  which  is  believed  to  be 
kinetically,  rather  than  thermodynamically  stabilized. 
There  is  no  critical  distinction  between  whether  or  not 
the  cation  of  the  salt  is  organic,  or  inorganic,  since  any 
degradation  present  in  a  heavy  cation  is  far  outweighed 
by  the  energetic  activity  of  the  decahydrodecaborate 
anion,  when  it  is  proximate  the  grain-to-grain  bound-  20 
aries  between  the  compacted  propellant  grains.  The  fact 
that  the  ignition  layer  resulting  from  the  process  taught 
herein  is  not  simply  a  fuel  is  manifestly  illustrated  by  the 
illustrations  in  Table  I,  which  unexpectedly  show  an 
upper  limit  to  the  concentration  of  representative  igni¬ 
tion  compounds  according  to  the  present  invention. 

V/hile  specific  embodiments  of  an  improved  process 
for  consolidating  charges  of  nitrocellulose-based  granu¬ 
lar  propellants  have  been  illustrated  herein,  together 
with  unique  products  obtainable  according  to  this  pro¬ 
cess,  it  is  understood  that  the  illustrative  examples  are 
merely  representative,  and  that  subject  matter  in  which 
an  exclusive  property  or  privilege  is  claimed  is  to  be 
defined  solely  by  the  scope  of  the  appended  claims,  as 
follows. 

We  claim: 

1.  In  a  process  for  consolidating  a  charge  of  nitrocel¬ 
lulose-based  propellant  grains,  the  improvement  of  in¬ 
corporating  an  ignition  compound  matrix  comprised  of  4^ 
certain  decahydrodecaborate  compounds,  through  the 
steps  of: 

(A)  wetting  loose  propellant  grains  on  their  exterior 
surfaces  with  a  consolidating  fluid  having  a  solvat¬ 
ing  effect  on  said  grains,  the  consolidating  fluid  4; 

.  being  in  the  range  of  approximately  0.010  to  0.100 
milliliters  of  fluid  per  gram  of  propellant,  and, 

(B)  introducing  a  layer  of  decahydrodecaborate  com¬ 
pound  onto  the  exterior  surfaces  of  said  grains  as 
the  result  of-the  wetting  effect  of  said  consolidating  50 
fluid,  wherein  said  compound  is  in  the  range  of 
approximately  0.1%  to  4.0%  of  the  total  propellant 
weight,  wherein  said  compound  further  includes  a 
salt  selected  from  the  class  of  salts  having  the  com¬ 
mon  anion  B|oH10~5,  and  a  cation  selected  from  the  55 
group  consisting  of: 

(i)  ammonium,  wherein  the  salt  has  the  formula 

(NH4)2BioH|Ch 

(ii)  hydrazinium,  wherein  the  salt  has  the  general 

formula  (NHjNHjIBiqHio;  60 

(iii)  metal  ions  derived  from  the  elements  in  Groups 

1,  2,  8,  3b,  4 b,  5b,  6b,  lb,  and  the  elements  of 
Groups  3a,  4a,  5a,  and  6a  which  have  atomic 
numbers  respectively  greater  than  5,  14,  33  and 
52;  and  65 

(C)  consolidating  the  thusly  wetted  propellant  grains 
into  a  consolidated  charge  by  a  compaction  step, 
wherrii  iW  1  M'lltyd  rudr^-a  borate  com,Mund  lav  er 
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on  each  grain  becomes  a  matrix  between  the  grain- 
to-grain  boundaries  of  the  consolidated  charge. 

2.  The  process  according  to  claim  1  wherein  the 
decahydrodecaborate  compound  selected  is  soluble  in 
the  consolidating  fluid,  and  the  step  of  introducing  said 
compound  further  consists  of  first  dissolving  said  com¬ 
pound  in  said  fluid,  and  wetting  the  exteriors  of  said 
propellant  grains  with  the  solution  in  order  to  form  said 
layer  on  each  grain. 

3.  The  process  according  to  claim  1  wherein  the 
decahydrodecaborate  compound  selected  is  insoluble  in 
the  consolidating  fluid,  and  the  step  of  introducing  said 
compound  further  consists  of  first  suspending  com 
pound  particles  of  approximately  ten  microns  average 
diameter  in  said  fluid,  and  wetting  the  exterior  of  said 
propellant  grains  with  the  suspension  in  order  to  form 
said  layer  on  each  grain. 

4.  The  process  according  to  claim  1  wherein  said 
compound  is  insoluble  in  said  fluid  and  is  the  resultant 
product  of  a  coprecipitation  of  one  of  said  salts  with  a 
solid  oxidizing  agent  by  the  steps  of: 

(i)  dissolving  both  the  decahydrodecaborate  (  —  2)  salt 
and  the  oxidizing  agent  in  a  mutually  soluble  sol¬ 
vent,  at  a  temperature  sufficiently  high  to  maintain 
said  salt  and  said  oxidizing  agent  in  solution; 

(ii)  forming  a  pressurized  stream  of  said  solution  and 
bringing  said  solution  stream  together  with  a  pres¬ 
surized  stream  of  a  miscible  nonsolvent,  under 
conditions  of  extreme  turbulence  within  a  mixing 
chamber,  to  efTect  £  substantially  complete  copre¬ 
cipitation; 

(iii)  recovering  the  coprecipitated  product  by  filter¬ 
ing  the  effluent  from  said  mixing  chamber,  and 
washing  said  product  with  an  inert  and  nonsolvent 
fluid; 

(iv)  drying  the  product  to  remove  all  remaining  liq-  ^ 
uid. 

5.  The  process  according  to  claim  1  wherein  the  step 
of  introducing  said  compound  further  consists  of  first 
wetting  the  propellant  grains  and  then  tumbling  the" " 
wetted  grains  in  a  powder  of  said  compound  in  order  to 
form  said  layer  in  each  grain. 

6.  The  process  according  to  claim  1  wherein  said 
granular  nitrocellulose  based  propellant  is  selected  from** 
the  group  consisting  of  nitrocellulose,  nitrocellulose/ni¬ 
troglycerine,  and  nitrocellulose/nitroglycerine/ni-"’ 
troguanidine  based  gun  propellants. 

7.  The  process  according  to  claim  1  wherein  the'* 
consolidating  fluid  having  a  solvating  effect  on  said 
propellant  includes  one  or  more  members  from  the— 
group  consisting  of: 

acetone,  -■ 

methyl  ethyl  ketone, 

methyl  isobutyl  ketone,  -■ 

methanol, 

ethanol, 

isopropanol, 

butyl  alcohols,  -• 

diacetone  alcohol, 

butyl  acetate,  ’  -• 

dibutylphthalate, 

ethyl  ether  and 

isopropyl  ether. 

8.  The  process  according  to  claim  6  wherein  the-'  * 
granular  propellant  selected  is  nitrocellulose  based,  said 
decahydrodecaborate  compound  selected  in  bisam-'’ 
monjum  decahydrodecaborate,  said  consolidation  fluid 
is  a  mixture  of  a^proiia.ately  by  volume  ei’.knJl 
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»nd  35%  by  volume  acetone,  and  said  introducing  step 
further  consists  of  first  dissolving  approximately  0.9 
gram  of  said  salt  per  100  milliliter  of  said  fluid  prior  to 
said  wetting  step. 

9.  The  product  of  a  consolidated  charge  according  to  } 
the  process  of  claim  8. 

10.  A  process  according  to  claim  4  wherein  the 
decahydrodecaborate  compound  selecied  is  a  simple 
metallic  salt  selected  from  the  group  consisting  of  ce¬ 
sium  decahydrodecaborate.  Cs,Bl0H„>  potassium  10 
decahydrodecaborate  K;B(c>H|o.  and  the  simple  metallic 
decahydrodecaborate  salts  of  the  alkaline  and  alkaline 

I  earth  metals  of  Groups  la  and  2a  having  an  atomic 
number  less  than  87. 

11.  In  a  process  for  consolidating  a  charge  of  nitrocel-  15 

Ilulose-bascd  propellant  grains,  lhe  improvement  of  in¬ 
corporating  an  ignition  compound  matrix  comprised  of 
certain  decahydrodecaborate  compounds,  through  the 
steps  of: 

1(A)  welling  loose  propellant  grains  on  their  exterior  20 
surfaces  with  a  consolidating  fluid  having  a  solvat¬ 
ing  effect  on  said  grams,  the  consolidating  fluid 
being  in  the  range  of  approximately  0.010  to  0.100 

I  milliliters  of  fluid  per  gram  of  propellant;  and, 

(B)  introducing  a  layer  of  decahydrodecaborate  com-  25 
pound  onio  the  exterior  surfaces  of  said  grains  as 
the  result  of  the  wetting  effect  of  said  consolidating 

I  fluid,  wherein  said  compound  is  in  the  range  of 
approximately  0. 1  %  to  4.0%  of  the  total  propellant 
weight,  wherein  said  compound  further  includes  a  30 
salt  selected  from  the  class  of  salts  having  the  com¬ 
mon  anion  BI(>H  i<rJ.  and  a  cation  selected  from  the 
group  consisting  of: 

(i)  substituted  ammonium  cations,  wherein  the  salt 
has  the  general  formula  (R,NH),BIOH|0.  wherein  35 
further  R  is  selected  from  the  group  consisting  of 

I  hydrogen  and  alkyl  radicals  containing  less  than 

six  carbon  atoms; 

(ii)  substituted  hydrazinium  cations,  wherein  the 
salt  has  the  general  formula  (RjNNRjH^B,^,;,  40 

I  wherein  further  R  is  selected  from  the  group 
consisting  of  hydrogen  and  alkyl  radicals  con¬ 
taining  less  than  six  atoms; 

(iii)  tetramethylammonium,  (C.Hj)4N4,  tetraethyl- 

I  ammonium,  (CH1CH;)4N  +  ,  and  quaternary  am-  45 
monium  cations  having  the  general  formula 
R4N+  where  R  is  an  alkyl  radical; 

(iv)  pyrididinium,  bipyridinium  aryl-diazonium, 

I  aryl  containing  cations  and  substituted  aryl  con¬ 
taining  cations.  50 

(v)  the  guanidinium  cation,  CfNHJj-f ;  and, 

(C)  consolidating  the  thusly  wetted  propellant  grains 

iinto  a  consolidated  charge  by  a  compaction  step, 
wherein  the  decahydrodecaborate  compound  layer 


diameter  in  said  fluid,  and  wetting  the  exteriors  of  Laid 
propellant  grains  with  the  suspension  in  order  to  form 
said  layer  on  etch  grain. 

14.  The  process  according  to  claim  11,  wherein  said 
compound  is  insoluble  in  said  fluid  and  is  the  resultant 
product  of  a  coprecipitation  of  one  of  said  salts  with  a 
solid  oxidizing  agent  by  the  steps  of: 

(i)  dissolving  both  the  decahydrodecaborate  (—2)  salt 
and  the  oxidizing  agent  in  a  mutually  soluble  sol¬ 
vent,  at  a  temperature  sufficiently  high  to  maintain 
said  salt  and  said  oxidizing  agent  in  solution; 

(ii)  forming  a  pressurized  stream  of  said  solution  and 
bringing  said  solution  stream  together  with  a  pres¬ 
surized  stream  of  a  miscible  nonsolvent,  under 
conditions  of  extreme  turbulence  within  a  mixing 
chamber,  to  effect  a  substantially  complete  copre¬ 
cipitation; 

(iii)  recovering  the  coprecipitated  product  by  filter¬ 
ing  the  effluent  from  said  mixing  chamber,  and 
washing  said  product  with  an  inert  and  non.^olvent 
fluid; 

(iv)  drying  the  product  to  remove  all  remaining  liq¬ 
uid. 

15.  The  process  according  to  claim  11  wherein  the 
step  of  introducing  said  compound  further  consists  of 
first  wetting  the  propellant  grains  and  then  tumbling  the 
wetted  grains  in  a  powder  of  said  compound  in  order  to 
form  said  layer  on  each  grain. 

16.  The  process  according  to  claim  11  wherein  said 
granular  nitrocellulose  based  propellant  is  selected  from 
the  group  consisting  of  nitrocellulose,  nitrocellulose/ni¬ 
troglycerine,  and  nitrocellulose/nitroglycerine/ni- 
troguanidine  based  gun  propellants. 

17.  The  process  according  to  claim  11  wherein  the 
consolidating  fluid  having  a  solvating  efTect  on  said 
propellant  includes  one  or  more  members  from  the 
group  consisting  of: 

acetone, 

methyl  ethyl  ketone, 

methyl  isobutyl  ketone, 

methanol, 

ethanol, 

isopropanol, 

butyl  alcohols, 

diacetone  alcohol, 

butyl  acetate, 

dibutylphthalate, 

ethyl  ether  and 

isopropyl  ether. 

18.  The  process  according  to  claim  14  wherein  the 
coprecipitated  decahydrodecaborate  compound  is  ap¬ 
proximately  15%  to  25%  by  weight  tetramethylammo¬ 
nium  decahydrodecaborate  and  the  remainder  an  oxi- 


on  each  grain  becomes  a  matrix  between  the  grain-  55  dizing  agent  selected  from  the  group  consisting  of  am- 
to-grain  boundaries  of  the  consolidated  charge.  monium  nitrate,  potassium  nitrate,  potassium  perchlo- 

12.  The  process  according  to  claim  11  wherein  the  rate,  ammonium  perchlorate,  guanidine  nitrate 

decahydrodecaborate  compound  selected  is  soluble  in  triaminoguanidine  nitrate,  potassium  permanganate! 

the  consolidating  fluid,  and  the  step  of  introducing  said  sodium  chromate,  barium  nitrate,  barium  chromate 

compound  further  consists  of  first  dissolving  said  com-  60  barium  manganate,  sodium  dichromate,  tetramethylam- 

pound  in  said  fluid,  wetting  the  exteriors  of  said  propel-  monium  nitrate  and  cesium  nitrate,  wherein  further  the 

lant  grains  with  the  solution  in  order  to  form  said  layer  consolidating  fluid  includes  one  or  more  members  sc¬ 
on  each  grain.  lected  from  the  group  consisting  of  isopropanol, 

13.  The  process  according  to  claim  11  wherein  the  butylacetate/ethanol,  acetone/ethanol,  and  ether/e- 
decahydrodecaborate  compound  selected  is  insoluble  in  65  thanol. 

the  consolidating  fluid,  and  the  step  of  introducing  said  19.  The  product  of  a  consolidated  charge  according 
compound  further  consists  of  first  suspending  com-  to  the  process  of  claim  18. 
pound  particles  of  approximately  ten  microns  average  *  •  *  •  • 
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CROSS-REFERENCE  TO  RELATED 
APPLICATIONS 


This  application  is  a  continuation-in-part  of  my  ear¬ 
lier  copending  application  of  common  assignment  enti¬ 
tled  BIS-TRIAMINOGUAN1DINE  DECAHY- 
DRODECABORATE  AND  A  PROCESS  FOR  ITS  10 
I’REPA  RATION,  filed  Jan.  24,  1977,  and  assigned  Ser. 

No.  762.229. 


BACKGROUND  AND  BRIEF  DESCRIPTION  OF 
THE  INVENTION 
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The  present  invention  describes  a  family  of  new  and 
unique  pyrotechnic  compositions,  propellants  based  on 
them,  and  a  method  of  preparing  same.  The  basic  com¬ 
positions  consist  of  mixtures  or  coprecipitates  of  bis- 
triaminoguanidinium  decahydrodeca borate  and  20 
triaminoguanidine  nitrate,  in  any  proportions. 

A  particular  objective  in  preparing  compounds  suit¬ 
able  for  certain  types  of  pyrotechnic  usage  is  to  achieve 
a  high  gas  output  and  low  molecular  weight  combustion 
products,  when  the  compound  is  burned.  Combustion  25 
products  such  as  hydrogen  (H2)  and  nitrogen  (N2)  gas 
fulfill  this  requirement.  I:,  preparing  salts  useful  as  pyro¬ 
technic  monopropellants  and  oxidizers  from  an  anion 
such  as  decahydrodccaboraie  (  —  2)  (BI0H,0-2)  or  nitrate 
(NOj~),  it  has  been  found  advantageous  to  use  a  cation  30 
containing  a  high  weight  fraction  of  atomic  nitrogen 
and  hydrogen.  The  triaminoguanidinium  ion,  chemical 
formula  C(NHNH2)i  +  l,  has  been  found  to  be  such  a 
cation.  In  addition,  the  corresponding  Bronsted  base  of 
the  ion,  free  triaminoguanidine,  is  a  strong  base,  which  35 
imparts  to  the  cation,  and  thus  the  salt,  a  high  degree  of 
chemical  stability. 

Triaminoguanidine  nitrate,  (NHNH2),CNO,t  also 
known  to  those  practiced  in  the  art  as  TAGN,  has  been 
found  to  have  particular  usefulness  as  an  oxidizer  in  40 
certain  classes  of  propellants.  It  is  by  itself  a  slow,  cool 
burning  monopropellant  with  high  gas  output.  O;  _  of 
the  most  serious  drawbacks  with  the  use  of  TAGN  is 
the  control  of  burning  rate  of  the  neat  material,  as  well 
as  propellants  containing  it.  45 

This  invention  describes  compositions  employing 
TAGN  as  a  starting  material  that  have  pyrotechnic 
performance  superior  to  pure  TAGN,  in  terms  of  en¬ 
ergy  and  gas  output  and  burning  rate  control.  In  partic¬ 
ular,  very  fast  burning,  high  energy  propellants  can  be  50 
manufactured  from  them.  The  subject  compositions 
consist  of  very  intimate  blends  or  coprecipitates  of  an 
ultrafast  deflagrating  monopropcllant,  namely  the 
triaminoguanidinium  salt  of  decahydrodecaboric  acid, 
with  TAGN.  The  resulting  compositions,  which  can  be  55 
prepared  over  a  wide  range  of  the  constituent  anion 
content,  have  pyrotechnic  properties  wholly  unlike  the 
starting  salts. 

Historically,  boron  hydride  salts,  in  particular  the 
non-metal  salts  of  decahydrodecaboric  acid,  has  been  60 
discovered  to  have  particular  utility  in  tlu  (iti  '  rMf* 
energy  fuels.  They  may  be  used  as  constituents  of  pyro¬ 
technic  compositions  and  in  propellants.  For  example, 
non-metallic  salts  of  the  decahydrodecaborate  ion,  and 
exemplary  uses,  are  disclosed  in  the  copending  applica-  65 
lion  of  common  assi.  nment  entitled  IGNITION  AND 
PYROTECHNIC  COMPOSITIONS,  Ser.  No. 
694,625,  filed  June  10,  1976.  For  these  compositions,  in 


general,  the  ratio  of  decahydrodecaborate  fuel  to  oxi¬ 
dizer  was  fixed  within  certain  defined  limits  in  order  to 
achieve  acceptable  pyrotechme  performance. 

The  particular  decahydrodecaborate  salt  used  in  this 
invention  is  the  fully  amino-substituted  compound, 
which  is  disclosed  in  my  copending  patent  application 
of  common  assignment  entitled  l)IS- 
TRIAMINOGUANIDINIUM  DECAHY¬ 

DRODECABORATE  AND  A  PROCESS  FOR  ITS 
PREPARATION.  Ser.  No.  762,229,  Tiled  Jan.  24,  1977, 
incorporated  herein  by  reference.  In  contrast  to  other 
simple  decahydrodecaborate  salts,  the  triaminoguani¬ 
dine  salt  is  a  powerful  monopropeliant;  i.e.,  combusts  by 
itself  releasing  internal  energy,  without  need  of  addi¬ 
tional  oxidizer  materials.  The  compound  is  very  unusual 
in  that  it  contains  only  boron,  nitrogen,  carbon  and 
hydrogen,  but  no  oxygen. 

The  advantage  of  the  chemical  system  formed  by 
combining  the  two  monopropellants  is  that  they  can  be 
mixed  in  any  proportion  and,  as  well,  both  possess  the 
triaminoguanidine  ion  as  a  common  cation. 

The  preferred  method  of  preparing  a  compound  with 
a  given  stoichiometry  consists  of  dissolving  the  two 
starting  salts  in  water  and  rapidly  precipitating  the  con¬ 
stituent  ion?  simultaneously  will  a  notisolvcul  such  as 
isopropanol.  The  detailed  methodology  for  this  process, 
known  as  “coprecipitation,"  has  been  disclosed  in  my 
copending  application  entitled  COPRECIPITATED 
PYROTECHNIC  COMPOSITION  PROCESSES 
AND  RESULTANT  PRODUCTS.  Ser.  No.  694.626, 
filed  June  10,  1976.  This  process  for  preparing  the  sub¬ 
ject  compositions  makes  use  of  the  triaminoguanidinium 
cation  which  is  common  to  both  starting  salts,  and  co¬ 
precipitates  of  the  two  salts  result  in  very  intimate  mix¬ 
ing  of  the  BI(>H  ,n-Jand  NO,"  anions  which  helps  impart 
to  the  resulting  compositions  very  reproducible  pyro¬ 
technic  performance. 


DETAILED  DESCRIPTION  OF  THE 
INVENTION 


General  Information 


The  compositions  of  this  invention  are  described  by 
the  general  checmical  formula 


jr[(NMNH2),CNO,J.(l  —  j)1(NHNHj),C):D,0H„J 


where  x  can  vary  between  0.01  and  0.99.  Preferred 
compositions  have  0.5  <x <0.99. 

The  subject  compositions  are  prepared  by  blending 
or  combining  the  starting  salts: 

(a)  bis-triaminoguanidinium  decahydrodecaborate 
(-2),  [(N H N H ,) ,C] , B inH and 

(b)  triaminoguanidine  nitrate  (TAGN), 
(NHNHj),CNOj  in  such  a  manner  as  to  achieve  very 
intimate  mixing.  A  coprccipitation  process,  as  will  be 
described  below,  is  a  preferred  method  of  preparing  the 
compositions. 


TAGN 


t  he  triaminoguanidine  nitrate,  which  is  classified  for 
shipping  purposes  as  "Explosive,  Class  A,”  can  be  ob¬ 
tained  from  several  cunmitri'l  v  w*%,  '  nP  may  ^ 
conveniently  prepared  in  the  laboratory  according  to 
the  reaction: 
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A 

AN.  _ 

C(Ntl;),NO,  +  3N,I1(  [|Ntj  >  C(N,Il,),NO,  +  INtl, 

In  this  mclhod,  I  part-by-weight  guanidine  nitrate 
[(NHj)iCNOij.  2.3  parts-by-W'eieht  hydrazine  hydrate  • 
(NjHj.H.O),  2.4  parts-by-weight  water,  and  0.5  parts- 
by-wcight  nitric  acid  (HNO,,  9098)  are  combined  in  a 
suitable  vessel  and  heated  to  80‘-85’  C.  Heating  is  main¬ 
tained  for  two  hours,  with  dry  nitrogen  (N.)  bubbled 
through  the  mixture.  The  solution  is  cooled  and  allowed 
to  stand  tor  8  nours,  alter  which  period  the  ^ 
triaminoguanidinc  nitrate  is  recovered  as  a  white  pre¬ 
cipitate.  The  product  may  be  purified  by  recrystalliza- 
tion. 

Bis-triaminoguamdinium  Decahydrodecaborate 

The  bis-triaminoguanidine  decahydrodecaborate  salt 
may  be  prepared  by  neutralizing  one  mole  of  aqueous 
decahydrodecaboric  acid,  H>BI0H,M,  (or  as  the  hydro- 
nium  form.  (H,O');BlnH|0'J).  with  two  moles  of  the 
aqueous  free  base  [C(NHNH);]%(NNHj).  25 

The  aqueous  decahydrodecaboric  acid  used  as  a  start¬ 
ing  material  for  the  process  of  this  invention  is  conve¬ 
niently  prepared  by  passing  an  amine  or  metal  salt  of  the 
decahydrodecaborate  (  —  2)  ion  through  a  column  con¬ 
taining  a  strongly  acidic  ion  exchange  resin  of  the  sul-  30 
fonic  acid  type,  such  as  a  DUOLITE  type  C-20,  manu¬ 
factured  by  the  Diamond  Shamrock  Corporation.  Pre¬ 
ferred  starling  salts  are  bis  (triethylammonium)  decahy¬ 
drodecaborate  (—2)  and  disodium  dccahydrodecabo- 
rate  (  —  2).  The  preparation  and  properties  of  the  aque¬ 
ous  acid  itself  are  known,  and  reference  may  be  made  to 
KNOTH,  U.S.  Pal.  No.  3,148,939,  for  further  detail. 

The  free  base  of  triaminoguanidine  may  be  prepared 
by  passing  a  chloride,  nitrate,  or  other  water  soluble  salt 
of  triaminoguanidine  through  a  column  containing  a 
strongly  basic  ion  exchange  resin  of  the  polystyrene 
type,  such  as  DOWEX®  2-X8,  manufactured  by  the 
Dow  Chemical  Company  of  Midland,  Mich. 

The  neutralization  preparation  where  the  concentra-  45 
tions  of  the  reacting  aqueous  solutions  are  approxi¬ 
mately  0.3  molar,  results  in  an  immediate  precipitation 
of  the  desired  product.  Upon  filtering,  washing  with 

cold  water  purification  hy  ret-ryM.-i'IILru j  rt  t  in- 
precipitation  in  isopropanol,  and  washing  with  butyl  ^0 
ui.etale  (to  aid  in  diying)  a  brilliant  white  powder  with 
a  prilled  appearance  is  recovered,  which  can  be  demon¬ 
strated  to  be  the  subject  compound  of  a  purity  exceed¬ 
ing  97%. 

55 

Other  preparative  methods  employing  simple  metath¬ 
esis  are  obvious.  For  example,  the  product  could  be 
recovered  by  mixing  aqueous  solutions  of  salts  contain¬ 
ing  the  substituent  ions,  such  as  aqueous  triethylam- 
momum  decahydrodecaborate  and  aqueous  ^ 
triaminoguanidine  hydrocholoridc,  such  that  the  de¬ 
sired  product  precipitates  and  the  undesired  ions  remain 
in  solution. 

The  detailed  preparation  and  properties  of  the  bis 
triaminoguanidine  decahydrodecaborate  salt,  which  is  65 
by  itself  useful  as  a  pyrotechnic  monopropellant,  are 
given  in  my  copending  patent  application  Ser.  No. 
762,229,  as  referenced  above. 


Preparation  of  Subject  Compositions  via  Physical 

Blending  | 

The  compositions  of  this  invention  may  be  prepared  I 
by  intimately  mixing  the  finely  divided  constituents  by  I 
hand  or  in  conventional  mixing  equipment.  A  liquid  | 
carrier  such  as  butyl  acetate  or  trichloroethylene  may 

he  employer!  In  faril'IMIe  mixing  mtditi'in  'f  birder* 

the  liqu'd  is  subsequently  evaporated  to  yield  the  dry 
composition.  The  physical  blending  process,  in  general, 
and  as  applicable  to  other  decahydrodecaborate  salts 
and  oxidizers,  is  described  further  in  the  copending 
application  of  common  assignment,  Ser.  No.  694,625,  as 
referenced  aoove. 

General  Description  of  the  Coprecipitation  Process 

In  general,  the  physical  blends  of  oxidizer  with  the 
dcea'iiy  diodcculniric  acid  sabs,  as  described  in  the  co- 
pending  application  Ser.  No.  694,625,  noted  above, 
suffer  from  several  deficiencies  inherent  irnhe  physicaL 
blend  properties  and  processing  technique.  When  used 
as  a  confined  column  delay,  in  a  lead  sheath,  for  exam¬ 
ple,  the  burn  rates  may  be  unreproducible,  and  the  col¬ 
umn  fails  to  propagate  below  a  certain  critical  distribu¬ 
tion  of  the  mixture  in  the  tube.  The  stoichiometry  of  a 
physical  blend  is  always  subject  to  point-to-point  varia¬ 
tions  due  to  blending  techniques,  setting  and  separation 
of  the  separate  ingredients,  and  particle  size  distribu¬ 
tions  of  the  constituent  materials. 

A  method  is  thereby  needed  to  produce  a  composi¬ 
tion  with  very  uniform  composition,  in  which  the  fuel 
anion  and  oxidizer  are  in  very  intimate  contact,  and 
which  is  very  reproducible  in  manufacturing  techniques 
from  lot  to  lot.  It  has  been  discovered  that  such  an 
intimate  mixture  can  be  obtained  if  the  decahy¬ 
drodecaborate  (  —  2)  anion  is  mixed  in  the  crystal  lattice 
with  the  oxidizing  agent,  in  this  case  a  nitrate  ion,  and  if 
crystals  containing  the  respective  ions  and  oxidizing 
agents  are  intimately  intertwined. 

The  process  by  which  the  compositions  of  the  refer¬ 
enced  invention  are  prepared  produces, a  very  intimate 
blend  of  decahydrodecaborate  (  —  2)  ion  with  the  oxi¬ 
dizer,  and  makes  the  compositions  so  prepared  chemi¬ 
cally  and  physically  unique  from  physical  blends  of 
decahydrodecaborate  (-2)  salts  with  oxidizer  or  pyro¬ 
technic  compositions  incorporating  decahydrodecabo¬ 
rate  (—2)  salts  produced  by  other  means.  In  general,  the 
coiibi.sts  of  dissolving,  1,1  a  Sellable  solvent,  a 
decahydrodecaborate  (-2)  salt,  and  also  dissolving,  in 
the  same  solution,  the  oxidizing  agent.  The  subject  com¬ 
position  is  recovered  by  precipitating  the  composite 
ingredients  of  the  solution  with  a  suitable  nonsolvent. 

The  resulting  solid,  after  filtration  and  drying,  com¬ 
prises  an  intimate  mixture  of  the  decahydrodecaborate 
(  —  2)  anion  with  the  oxidizing  cation  or  substance,  in  a 
form  that  is  chemically  and  physically  different  than  the  * 
starting  materials. 

The  process  may  be  properiy  called  a  "cocrystalhza- 
tion"  or  "coprecipitation"  and  the  resulting  product  a 
"cocrystallatc”  or  “coprecipitate".  The  detailed  re-  1 
quirements  and  description  of  the  process  is  given  in  the 
copending  application  of  common  assignment,  entitled 
COPRECIPITATED  PYROTECHNIC  COMPOSI¬ 
TION  PROCESSES  AND  RESULTANT  PROD¬ 
UCTS,  filed  June  10,  1976  and  assigned  Ser.  No. 
694,626,  and  is  incorporated  herein  by  reference. 
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Preparation  of  Subject  Compositions  via 
Coprecipnation 

The  coprecipitation  process  is  a  preferred  method  of 
preparing  compounds  of  Inis  invention.  In  the  general  5 
method,  the  requisite  quantities  of  the  salts  (a)  bis- 
triaminoguamdimum  decahydrodecaboratc  (-2)',  and 
(b)  TAGN,  are  dissolved  in  hot  water  at  approximately 
70  C.  A  preferred  solution  concentration  is  approxi¬ 
mately  0  3-0.1  molar  in  B laI 1 10~ due  to  the  relatively  10 
low  solubility  of  the  salt  (a)  The  ions  in  the  hot  solution 
are  precipitated  by  rapidly  mixing  one  parl-by-volume 
of  (he  hot  solution  with  five  parts-by-volume  isopropn- 
nol  (anhydrous),  in  an  apparatus  and  via  the  method 
described  in  the  above-noted  application  Scr.  No.  15 
694,626.  The  resulting  precipitate  is  filtered,  washed  in 
butyl  acetate,  and  dried,  to  yield  a  white,  fluffy  powder. 
Where  small  quantities  of  the  subject  compositions  are 
desired,  for  example  150  grams  or  less,  satisfactory 
results  can  be  obtained  by  effecting  the  rapid  precipita-  20 
lion  by  hand,  i.e.,  slowly  pouring  Ihe  hot  solution  into  a 
pot  containing  rapidly  stirred  isopropanol. 

The  resulting  product  contains  stoichiomctrically  the 
substituent  ions  from  starting  salts  (a)  and  (b),  but  in 
different  chemical  environments  than  in  the  starling  25 
salts.  Specifically,  there  is  intcrlattice  and  intercrystal- 
hnc  mixing  of  the  substituents,  notably  the  B|0H,0-Jand 
NOj"  ions,  a  chemical  state  not  obtainable  by  physical 
blending.  This  state  mixing  results  in  compositions  v.'ith 
more  uniform  and  predictable  burning  than  composi-  30 
lions  obtained  by  other  methods  of  combining  the  ingre¬ 
dients. 

The  choice  of  the  ratio  of  starting  salt  (a)  to  starting 
salt  (b)  depends  on  the  application  requirements.  A 
unique  and  exceptionally  useful  feature  of  the  subject  35 
compositions  is  that  salts  (a)  and  (b)  may  be  combined  in 
virtually  any  proportions,  although  compositions  con¬ 
taining  50%  or  more  by  weight  triaminoguanidine  ni¬ 
trate  are  preferred  for  economic  reasons.  The  pyrotech¬ 
nic  performance  and  utility  of  the  composition  system  is  40 
ilkisuvcd  by  FIG.  1,  >v!m:l.  shews  the  heat  of  explosion 
of  the  subject  compositions  as  a  function  of  the  decahy¬ 
drodecaboratc  salt  (a)  content.  This  curve  (FIG.  1)  was 
generated  by  preparing  physical  blends  of  salts  (a)  and 
(b)  in  the  proportions  indicated,  and  igniting  a  sample  of  45 
the  composition  in  a  closed  Parr  bomb  in  an  argon 
atmosphere.  The  heat  of  reaction,  or  more  commonly 
termed  by  those  practiced  in  the  art  “heat  of  explosion," 
is  derived  by  meaLsuring  the  temperature  rise  in  a  water 
bath  surrounding  the  reaction  vessel.  This  heat  of  cxplo-  50 
sion  as  a  function  of  dccahydrodecaborate  salt  (a)  con¬ 
tent  is  a  smooth,  monolonically  increasing  function  to  at 
least  50%  by-weight  salt  (a),  starling  at  940  cal/g  (pure 
TAGN)  and  approaching  1325  cal/gram  (pure  bis- 
triaminoguanidimum  dccahydrodecaborate).  Co-  55 
precipitates  of  salts  (a)  and  (b),  as  indicated  on  FIG.  1, 
have  heats  of  explosion  very  near  that  derived  for  phys¬ 
ical  blends,  indicating  that  no  significant  change  in 
burning  mechanism  accompanies  the  coprecipitation 
process.  60 

Application  of  The  Subject  Compositions 

The  subject  compositions  can  be  used  per  se  as  igni- 
t'on  compounds  mixed  with  other  ingredients,  or  manu¬ 
factured  into  propellants.  Other  additives  may  be  em-  65 
ployed  to  alter  the  processing,  handling,  or  other  prop¬ 
erties  of  the  mix.  These  are  known,  per  se,  and  may 
include  binders  such  as  cacsin.  pum  arabic,  dextrinj, 


6 

waxes,  polymeric  materials  such  as  polyurethanes,  ep¬ 
oxies,  natural  or  synthetic  rubbers,  copolymers  or  a 
rubber  and  plastic  such  as  styrenebuladiene,  methyl 
cellulose,  and  nitrocellulose.  Polyethylene  glycol  of 
average  molecular  weight  4000  is  a  preferred  known 
additive.  These  ingredients  are  commonly  used  in  con¬ 
centrations  up  to  8%  by  weight. 

A  major  usage  pf  the  subject  compositions  in  in  ultra 
high  burn  rale  propellants,  where  the  coprecipitated 
composition  is  used  as  a  major  fraction  of  the  solids 
content  of  the  propellant.  These  propellants  and  meth¬ 
ods  for  their  preparation  are  further  described  in  Ihe 
copending  application  of  common  assignment  entitled 
HIGH  BURNING  RATE  PROPELLANTS  WITH 
COPRECIPITATED  SALTS  OF  DECAHY- 
DRODECA BORIC  ACID.  Scr.  No.  707,810,  filed  July 
22.  1976.  When  used  in  accordance  with  the  formula¬ 
tions  taught  in  the  aforementioned  disclosure,  the  sub¬ 
ject  propellants  would  have  the  general  formula: 


Probable 

Range, 

“7e  by  W(. 

1. 

Polymeric  hinder  system 

8-15 

2. 

Curing,  polymerizing,  nr  cross*|mking  agents 

o-to 

3. 

Plasticizing  agents 

0-25 

4. 

Pure  decahydrodecaboratc  sails 

0-25 

5. 

Coprecipitated  Iriaminnguamdine  ml  rate /bis 

Iriaminoguanidimum  dccahydrodecaborate 

35-40 

6. 

Energetic  fuels,  such  as.  but  not  limited  to, 

finely  divided  aluminum 

0-10 

7. 

Oxidizer  or  mixture  of  oxidizers  to 

supplement  (5) 

0-t5 

8. 

Other  inert  ingredients,  such  as  coloranls. 

_ 

slabihzers. 

0-10 

The  unique  products  of  this  invention,  and  representa¬ 
tive  usages  are  further  illustrated  by  the  following  Ex¬ 
amples. 

EXAMPLE  1 

1.5  Grams  bis-triaminoguanidinium  decahy- 
drodw-3hor»ic  and  _  5  grams  iHamic.-gMaraJir.e  r.urMe 
are  dissolved  in  100  milliliters  deionized  water  at  50’  C. 
The  ingredients  are  rapidly  precipitated  by  pouring  into 
500  ml  stirred  anhydrous  isopropanol.  A  white  powder 
precipitates  immediately,  and  is  recovered  by  filtration, 
washed  in  the  filter  with  n-butyl  acetate,  and  dried  in  an 
oven  at  60’  C. 

A  series  of  standard  pyrotechnic  characterization 
tests  are  run  on  the  dried  powder;  results  are  summa¬ 
rized  in  Table  I. 


TABLE  I 


PARAMETER 

Ex  1 

Ex.  11 

Ex  III 

method  of  manufacture 

hand 

lab  enpre- 
'  ciptutor 

hand 

%  bis-lriamtnoguanidtnium 
dccahydrodecaborate 

15 

15 

25 

heat  of  explosion,  cal/gram* 

1129 

I0S9 

1159 

impact  sensitivity,  cm*’ 

8 

6 

__ 

electrostatic  sensitivity, 
millijoulcs* 

— 

>275 

— 

autoignition  temperature,  *  C * 

250 

240 

247 

true  density  (g/cc) 

1.46 

1.38 

1  60 

|P*rr  Bomb  undtr  upon 

j  Enclosed  Bureau  of  Mine*  tool.  J  kg  drop,  no  grit 
^2  electrode,  0  020  inch  gap,  open  cup.  500  pF  capacitor,  no  r  cm*  tor. 
5  sec  Woods  metal  bath. 


EXAMPLE  II 

22.5  Grams  bis-triaminoguanidine  decahydrodecabo- 
rate  rxnj  1164  grtm*  [fTfcrrtfsogtrtitjjJjfte  uilftrte  are  dis- 


4,108,697 


I 


w>lvrd  in  25U  nil  dcioni/cd  water  at  50“  C.  The  hot 
miIuiioii  was  charged  mlo  a  laboratory  model  co- 
precipitator,  .is  described  bi  application  Ser.  No. 

6  The  pioduct  is  obtained  by  precipitation  with  5 
times  the  solution  volume  of  anhydrous  isopropanol; 
flow  rates  of  200  ee/min  of  the  solution  and  1000 
ec/nnn  isopropanol,  with  a  mixing  head  gap  of  0  030 
inches  are  used.  The  resulting  product  is  recovered  in  a 
filter,  washed  with  butyl  acetate.  drieJ  at  tu“  C,  and 
spatul.itcd 

Pyrotechnic  characteristics  of  the  resulting  composi¬ 
tion  arc  also  given  in  Tabic  I,  above. 


EXAMPLE  III 


EXAMPLE  IV 


Combustion  Parameters  of  I  J'>*Uy-Wctghl 
His-Tr  tammoguanidmium  Uecah  >  drixlccaboralc  And 
_ djG-Hy-Wcight  Tagn _ 


I'AKAMI  TLR 

1000  psi 

EXPANDED 

Specific  impulse  (ft  lb/ lb) 

0 

24. s 

Specific  impulse  (vacuum.  ft*lb/lb) 

0 

264 

I  Ijiuc  temperature  (isobanc.  *  K) 

210.1 

486 

f  Jjmma 

1  2b 

1.28  45 

1  lantr  tcnipruture  (isochnric,  *  K) 

2hMJ 

1262 

Gas  oulpul  (molt**/ HOg) 

5.  f>b 

5  45 

Gas  molecular  weight 

15<> 

1 5.5 

Product  molecular  weight 

17.7 

18.4 

EXAMPLE  V 


28.3  Grants  bis-triaminoguanidinium  decahy-  15 
drodccaboralc  and  85  grams  triaimnoguanidine  nitrate 
are  dissolved  in  1000  ml  dcioni/ed  water  at  60“  C.  The 
hot  solution  is  poured  slowly  into  a  stainless  pot  con¬ 
taining  5000  ml  anhydrous  isopropanol  agitated  with  a 
high  speed  stirring  apparatus.  The  resulting  precipitate  20 
is  filtered,  washed  with  butyl  acetate  in  the  filter,  dried 
24  hours  at  125'  F,  and  spatulaled. 

Pyrotechnic  characteristics  of  the  resulting  composi¬ 
tions  arc  also  given  in  Table  I,  above. 


is  measured  by  a  fast  response  transducer  and  recorded 
as  a  function  of  time.  The  pressure  cartridge  consists  of 
an  exploding  bridgeware  mounted  111  a  suitable  cartridge 
case.  The  bridgeware  is  primed  with  a  53  mg  of  an  initi¬ 
ating  pyrotechnic  powder.  The  subject  composition  is 
loaded  into  the  cartridge  over  the  priming  load,  and  the 
cartridge  closed  with  a  crimped  or  welded  cap.  The 
function  time  of  the  compositions  is  taken  as  the  time 
hcl ween  Uic  application  ot  current  to  tne  brtdgewire  to 
the  peak  pressure. 

When  tested  in  this  manner,  96  mg  of  the  composition 
from  Example  1 1  produces  a  peak  pressure  of  1600  pst  in 
4  milliseconds.  By  contrast,  10  produce  a  comparable 
pressure  rise,  120  g  of  a  commonly  used  high  speed 
composition,  [consisting  of  22  parts-by-w'eight  finely 
divided  zirconium,  17.5  parts-by-weight  potassium  per¬ 
chlorate,  1.7  parts-by-weight  binder,  and  58  parls-by- 
vveight  "Hi  Temp"  (Hercules  Powder  Co.,  an 
RDX/wax  composition))  is  required. 


t*  A  RAMI 
Impulve  (f 


While 
have  be  , 
to  be  ur 
the  sccpv 
I  clair 
l.A  ; 
(A)  a 
perc 

I  (B)  ci"  t 
1  (C)  r: 
i  (D)  a  -.1 


EXAMPLE  VI 


A  free  energy  minimization  thermochemical  analysis, 
as  commonly  performed  by  those  practiced  in  the  art,  is 
run  on  a  hypothetical  composition  comprising  15%-by- 
w  eight  bis-irtammoguanidimum  decahydrodecaborate  33 
and  85%-by-weigh(  (riaminoquanidine  nitrate,  repre¬ 
sentative  of  the  compositions  produced  as  Examples  I 
and  II  Representative  combustion  parameters  of  the 
composition  burning  in  a  chamber  at  1000  psi  and  ex¬ 
hausted  through  a  nozzle  are  given  in  Table  II.  The  35 
propellant  has  low  flame  temperature  and  very  high  gas 
output. 

TABLE  II 


Composition  from  Example  II:  70% 
Nitrocellulose  (12.6%N):  17% 
Dinitrotolucne:  7% 

Acetyl  Tributyl  Citrate:  6% 


lived  as  a  pun  propellant,  the  impetus  of  the  system  50 
(without  binder)  is  416,000  (ft-lb/lb),  which  is  substan¬ 
tially  higher  than  either  nitraminc  propellants  currently 
known  or,  as  well,  nitrocellulose  propellants.  Primary 
combustion  products  after  expansion  are,  (in  units  of 
moles/  lOOg):  55 

H.:  2.5 
N.:  2  I 
CO:  0.5 
H.O:  0  23 

B.O,:  0.22  60 


The  propellant  ingredients  are  slurried  in  a  75%-by- 
volume  ethanol/25%-by-volume  butyl  acetate  solvent 
and  charged  into  a  one-pint  Baker  Perkins  sigma  blade 
dough  mixer.  The  solvent  is  removed  under  vacuum  at 
120“  F  and  a  thick  dough  obtained.  The  dough  is  ex¬ 
truded  into  1  inch  diameter  burning  rate  strands  using  a 
6-mch  air  operated  press  and  1-inch  barrel  extruder. 
Further  drying  at  120’  F  for  several  weeks  follows. 

The  strands  are  fired  in  a  closed  bomb  strand  burner, 
as  commonly  used  by  those  practiced  in  the  art.  A  burn¬ 
ing  rate  of  475  inches  per  second  is  measured  with  the 
bomb  pressurized  to  2000  psi,  which  represent  burning 
rates  wholly  unachievable  with  state-of-the-art  propel¬ 
lants. 

A  free  energy  minimization  program  is  run  on  this 
propellant  to  assess  its  utility  as  a  gun  or  rocket  propel¬ 
lant;  parameters  arc  summarized  in  Table  III.  The  de¬ 
rived  impulse  of  360.000  ft-lb/lb  is  typical  of  that 
achievable  with  single  base  propellants.  This  value  can 
be  raised  substantially  by  reducing  the  plasticizer  con¬ 
tent  of  the  propellant,  or,  for  rocket  propellants,  adding 
aluminum. 


TABLE  III 


Combustion  Parameters  of  Propellant 
Containinp  Cqniccipiuted  Product 


The  utility  of  the  subject  compositions  as  very  high 
pressure-producing  compositions  is  illustrated  by  load¬ 
ing  approximately  100  milligrams  of  the  subj"ct  compo¬ 
sitions  into  a  closed  pressure  cartridge  of  a  well-known 
type  as  shown  in  FIG.  2.  and  firing  the  pressure  car¬ 
tridge  in  a  it)  cc  closed  bomo.  The  pressure  in  me  oomo 


PARAMETER 

1000  psi 

EXPANDED 

Specific  Impulse  (Ih-soc/lh) 

_ 

226 

Specific  Impulse  (vacuum.  Ih-sec/lb) 

— 

246 

Flame  Temperature  (isobanc.  *  K) 

1815 

067 

Gamma 

1  27 

1  27 

Flame  Temperature  (isixrhoric.  *  K) 

2505 

1228 

Gas  Output  (molcs/IOOg) 

5.65 

5  14 

Gas  Molecular  Weight 

ISO 

It  - 

Product  Molecular  Weight 

17.8 

19.45 

The  utility  of  the  subject  compositions  when  used  in  i 
a  propellant  described  in  the  copending  application  of! 
common  assignment  entitled  HIGH  BURNING  RATE  I 
PROPELLANTS  WITH  COPRECIPITATED  ! 
SALTS  OF  DECAHYDRODECABORIC  ACID,  I 
filed  July  22,  1976  and  assigned  Ser.  No.  707,810,  is  | 
illustrated  by  preparing  a  propellant  with  the  following  i 
formulation:  ! 


'  id  recorded 

d^*'  'nsisls  of _  TAULE  Ill-continued 


lab  arlridge 
«p  of  an  min¬ 
s'  nposilion  is 
a  .jad,  and  Ihe 


(.’imihutlinn  Parameters  of  Propellanl 
C'onlaining  Conrecinit  and  Product 


PARAME1  ER 
Impulse  (frib/lbT 


EXPANDED 


idcd  cap.  The 

p  at  the  time  While  various  examples  of  ihr  subject  C'jmpcmtiot. 
dgewire  to^ave  been  Sivcn.  and  preparalory  methods  taught,  it  is 
to  be  understood  that  the  invention  is  to  be  defined  by 
,c  composition  ,be  sc0Pe  of  the  appended  claims. 

•  '  1600  psi  in  I  claim: 

-omparable  A  propellant  comprising,  by  weight: 

-■o  high  speed  (A1  a  polymeric  binder  system,  in  the  range  8-35 
weight  finely  percent; 

P  issium  per-  (H)  curing  agents,  in  the  range  0-10  percent; 

i  arts  by-  I  Cl  ■plasticizini'  a  ents  in  the  range  0-25  percent' 
d<-*  Co.,  an  a  composition  having  Ihe  general  formula 


10 

a|(NtlNII))1CNO,)(l-a)|((NIINH,),C)  ,tll„tll„| 

wherein  the  value  of x  is  between  0.01  and  0.99,  in 
the  range  35-90  percent. 

j  2,  A  propellant  according  to  claim  1  wherein  further 
said  composition  is  a  coprecipilale  and  Ihe  substituents 
13|nH  m" ;  and  NOi"  are  intimately  intertwined  through 
iuWfhuice  ar.d  mtefciyMr.Uii.e  iivivmg. 

3.  A  propellant  according  to  claim  2  wherein  said 
10  polymeric  binder  system  is  an  active  binder  which  is 

selected  from  the  group  consisting  of  nitrocellulose, 
oxygen  containing  binders  and  flourine  containing  bind¬ 
ers,  and  the  value  of  *  is  between  0.5  and  0.99. 

4.  A  propellant  according  to  claim  3  wherein  the 
15  active  binder  is  nitrocellulose,  with  a  nitrogen  content 

betsveen  12.5 %  and  13.39c,  by  weight,  wherein  the 
GtiiJin*  €<.•  poiwt  i*  MtbsiwAfaHy  supplied  saU 
coprecipilale  composition. 

*  i  •  •  t 


20 


■  When  used  in 
application  of 
N'NG  RATE 

C  STATED  25 

VrsiC  ACID, 

•o.  707,810,  is 
I’  :  following 


i  a  75%. by- 
c  ite  solvent 
is  sigma  blade 
der  vacuum  at 
’■  >ugh  is  ex- 
.1  ads  using  a 
iricl  extruder, 
.'ks  follows, 
s'”  nd  burner, 
hi  rt.  A  burn- 
suied  with  the 
resent  burning 
th  art  propel- 

iu*7un  on  this 
rocket  propel- 
e  ’  1.  The  de- 
F  al  of  that 
f h,i  value  can 
lasticizer  con- 
el’j  nts,  adding 


35 


40 


45 


50 


55 


|  EXPANDED 

226 
246 
467 
I  27 
1228 
5  14 
16.  S 
19.45 

I 


60 


65 
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This  invention  relates  to  bis-triaminoguanidine  decahy- 
drodecartorate,  which  b  a  novel  boron  salt  that  has 
been  found  to  have  particular  utility  as  a  high  energy 
mooopropellanL  The  invention  includes  the 
triaminognsnidininm  salt  of  decthydrodecabotie  add, 
and  as  a  product  of  a  preferred  process  for  preparing 
same. 
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is 


DETAILED  DESCRIPTION  OF  THE 
INVENTION 

The  triaminoguanidine  salt  of  the  decahydrodecabo- 
rate  (-2)  ion  is  represented  by  the  chemical  formula. 

(CCNHNHjljh  B10H10 

and  more  accurately  by  the  structural  formula; 


+t 


BiqHio 


-2 


BIS-TRIAMINOGUANIDINE 
DECAHYDRODECABORATE,  PROCESS  FOR 
PREPARATION,  AND  HIGH  ENERGY 
PROPELLANT 

BACKGROUND  AND  BRIEF  DESCRIPTION  OF 
THE  INVENTION 

Boron  hydride  salts,  in  particular  the  nonmetal  salts 
of  decahydrodecaboric  acid,  had  been  discovered  to 
have  particular  utility  in  the  field  of  high  energy  fuels. 

They  may  be  used  as  constituents  of  pyrotechnic  com¬ 
positions  and  in  propellants.  For  example,  non-metallic 
salts  of  the  decahydrodecaborate  ion,  and  exemplary 
uses,  are  disclosed  in  the  co-pending  applications  of 
common  assignment  entitled  “Ignition  and  Pyrotechnic 
Compositions,"  Ser.  No.  694,625,  filed  June  10,  1976 
and  "Coprccipiuted  Pyrotechnic  Composition  Pro¬ 
cesses  and  Resultant  Products,"  Ser.  No.  694,626,  filed  whjctl  illustrates  the  resonance  stabilization  achieved  by 
June  10,  1976.  protonating  the  free  substituted  guanidine  base  to  form 

The  present  invention  teaches  a  new  non-metal  salt  of  ^Po^^'ve  ion. 

decahydrodecaboric  acid,  which  exhibits  stable  physi-  The  salt  is  relatively  insoluble  in  cold  water,  which 
cal  properties,  and  is  of  itself  a  high  energy  monopro-  PrcPwation  by  a  variety  of  metathesis  reactions 

pellant  The  compound  is  very  unusual  in  that  it  con-  25  f«^bIc-  A  preferred  method  of  preparation  is  to  stoi- 
lains  only  boron,  nitrogen,  carbon,  and  hydrogen,  but  c.h,ometflcalJy  n<rut^  °n<=  “ole  of  aqueous  decahy- 
no  oxygen. 

A  particular  objective  in  preparing  compounds  suit- 


NH, 

I 

N-H 

/|\ 

yc\ 

H— N'~  '•N-H 

I  I 

NH3  NH2 


drodecaboric  acid,  HjBjoHi^  (or  as  the  hydronium 
form,  (HjO+JjBjoHio-2),  with  two  moles  of  the  aque- 
~  r  7  “  P‘  liU“ puuuua  sun-  ous  frcc  ba5C  (C^NHNHVb  (NNHt) 

able  forcertamtyp«ofpyrotechmc  usage  is  to  achieve  30  The  aqueous  decahydrodecaboric  acid  used  as  a  start- 
.  high  gas  output  and  low  molecular  weight  combustion  material  for  thc  procei3  of  ^  iavention  b  CODVe. 

products,  when  the  compound  is  burned.  Combustion 
products  such  as  hydrogen  (Hj)  and  nitrogen  (Ny)  gas 
fulfill  this  requirement  In  preparing  salts  useful  as  pyro- 


niently  prepared  by  passing  an  amine  or  metal  salt  of  the 
decahydrodecaborate  ( — 2)  ion  through  a  column  con¬ 
taining  a  strongly  acidic  ion  exchange  resin  of  the  sul- 


technic  fuels  from  an  anion  such  as  decahydrodecabo-  35  fonic  acid  type,  such  as  a  DUOLITE  type  020 


rate  (— 2)(B|oH|o  —2),  it  has  been  found  advantageous 
to  use  1  cation  containing  a  high  weight  fraction  of 
atomic  nitrogen  and  hydrogen.  The 
triaminoguanidinium  ion,  chemical  formula 


manu¬ 


factured  by  the  Diamond  Shamrock  Corporation.  Pre¬ 
ferred  starting  salts  are  bis  (tricthylammonium)  decahy¬ 
drodecaborate  (—2)  and  disodium  decahydrodecabo¬ 
rate  (—2).  The  preparation  and  properties  of  the  aque- 


C(NHNHj}]+1  has  been  found  to  be  such  a  cation.  In  ous  acid  itself  are  known,  and  reference  maybe  made  to 


addition,  the  corresponding  Br<J>nsted  base  of  the  ion, 
free  triaminoguanidine,  is  a  strong  base,  which  imparts 
to  the  cation,  and  thus  the  salt,  a  high  degree  of  chemi¬ 
cal  stability.  ^ 

Other  decahydrodecaborate  (—2)  salts  employing 
guanidine  chemistry  have  been  previously  investigated 
by  the  present  inventor.  The  simple  guanidine  salt  is 
disclosed  in  my  earlier  application  “Bis-Guanidinium 
Decahydrodecaborate  and  a  Process  of  Its  Prepara-  50 
tion,"  Ser.  No.  694,627,  filed  June  10,  1976,  which  is 
now  U.S.  Pat.  No.  4,002,681.  This  simple  salt  was  found 
to  be  useful  as  a  high  energy  pyrotechnic  fuel,  and  was 
by  itself  thcrmochemically  stable;  i.e.,  has  a  substantial 
negative  heat  of  formation  as 


Knoth  U.S.  Pat.  No.  3,148,939,  for  further  detail. 

The  free  base  of  triaminoguanidine  may  be  prepared 
by  passing  a  chloride,  nitrate,  or  other  water  soluble  salt 
of  triainoguanidine  through  a  column  containing  a 
strongly  basic  ion  exchange  resin  of  thc  polystyrene 
type,  such  as  DOWEX  ©  2-X8,  manufactured  by  the 
Dow  Chemical  Company  of  Midland,  Mich. 

The  neutralization  preparation  where  thc  concentra¬ 
tions  of  thc  reacting  aqueous  solutions  arc  approxi¬ 
mately  0.3  molar,  results  in  an  immediate  precipitation 
of  the  desired  product.  Upon  filtering,  washing  with 
cold  water,  purification  by  recrystallization  or  re¬ 
precipitation  in  isopropanol,  and  washing  with  butyl 


’  ’  1  ,  £-  ,  ,  55  acetate  (to  aid  in  drying)  a  brilliant  white  powder  with 

commo  y  e  y  a  prilled  appearance  is  recovered,  which  can  be  demon¬ 


strated  to  be  thc  subject  compound  of  a  purity  exceed¬ 


ing  97%. 


those  practiced  La  the  art.  The  compound  which  is  the 
subject  of  the  present  invention,  by  contrast,  combusts 

by  itself  rdeasing  internal  energy,  without  need  of  an  Other  preparative  methods  employing  simple  me- 
additional  oxidizing  material,  which  suggests  thc  pres-  ^  tha thesis  are  obvious.  For  example,  the  product  could 
ently  taught  compound  has  a  substantia]  positive  heat  of  be  recovered  by  mixing  aqueous  solutions  of  salts  con¬ 
formation.  As  a  result,  the  compound  taught  herein  is  taining  the  substituent  ions,  such  as  aqueous  tricthylam- 
useful  as  a  monopropellant  in  its  own  right,  or  alterna-  monium  decahydrodecaborate  and  aqueous 
tively,  can  be  used  with  additional  oxidizer  to  modify  its  triaminoguanidine  bydrocholoride,  such  that  the  de- 
combustion  properties.  Specifically,  such  inorganic  55  sired  product  precipitates  and  the  undesired  ions  remain 
oxidizing  agents  as  potassium  nitrate,  guanidine  nitrate  in  solution.  Thc  first  method,  however,  may  be  pre- 
and  ammonium  percholorate  may  advantageously  be  ferred  where  high  purities  are  required,  because  the 
employed,  in  concentrations  from  0-90%,  by  weight  process  of  obtaining  the  free  acid  and  free  base  forms  of 


4,130,585 


the  desired  ions  by  ion  exchange  results  b  an  added 
purification  step. 

The  jubjcct  of  this  invention  b  useful  as  a  high  energy 
monopropellant  in  such  devices  as  electric  initiators  or 
squib*,  or  as  an  ingredient  to  enhance  bumbg  rate*.  The 
compound  may  be  mired  with  additional  materials  with 
oxidative  power  to  modify  the  combustion  properties, 
for  use  in  such  devices  ai  pyrotechnic  deflagrating 
cords. 

Specific  reference  lhould  be  had  to  the  above-noted 
copcnding  application  enutlcd  "Ignition  and  Pyrotech¬ 
nic  Compositions,"  Ser.  No.  69-*,625,  bcorporated 
hereb  by  reference,  for  examples  of  suitable  and  pre¬ 
ferred  species  of  oxidizing  agents  which  are  useful  for 
creating  a  pyrotechnic  culture  with  the  particular  bo- 
rco-contaimng  s-.lt  taught  herein.  While  the  BjoHjo- 
anion,  a  bicapped  sq.iare  antipnam  polyhedral  ion,  ha* 
unusual  stability,  it  is  significant  that  the  present  com¬ 
pound  achieves  a  resonance  stabilization  by  protonating 
a  free  subsututed  quanidine  base  to  form  the  uni  positive 


1080  and  1030  cm-1.  No  other  major  features  are  evi¬ 
dent 

An  analysis  of  solution  conductivity  vs.  solution  con¬ 
centration  gives  *  conductivity  of  222  ohm-1  cm1  mo 
j  le_1  at  bfinite  dilution,  which  ii  characteristic  of  a 
compound  conlainbg  three  icm*,  one  species  bebg  an 
organic  cation.  The  above  analyses  demonstrate  that 
the  recovered  product  is  the  desired  subject  of  the  b- 
vention. 

Characteristics:  The  pyrotechnic  utility  of  the  subject 
composition  is  demonstrated  by  subjeetbg  the  material 
to  several  standard  tests Tosed  to  characterize  explosives 
and  pyrotechnics, 

A  sample  of  the  compound,  havbg  a  density  of  1.22 
grams/c.c.,  is  subjected  to  an  impact  drop  test,  consist- 
^  bg  of  placing  a  5  milligram  sample  of  the  powder  on  a 
400  grit  paper  disc,  and  releasbg  a  2  kilogram  weight 
'  from  a  calibrated  height  An  anvil  on  the  weight  strikes 
the  powder  sample.  The  sample  fails  to  ignite  10  times 
b  succession  when  the  weight  is  released  from  a  height 


ion  comprising  the  cation.  Of  greater,  and  perhaps  re-  20  of  3  centimeters.  This  test  indicates  the  compound  is 


l»L«i,  significance  is  the  unexpected  result  that  the  sim¬ 
ple  salt  bis-guanidmium  decahydrodecaboraie,  had  a 
substantial  negative  heat  of  formation,  making  the  sim¬ 
ple  salt  useful  aa  a  high  energy  pyrotechnic  fuel,  while 
the  prevent  bvention  eihibita  a  compound  havbg  a 
substantial  positive  beat  of  formation.  Hence,  the  com¬ 
pound  taught  bercb  ii  useful  alone,  aa  a  monopropel- 
iant.  or  optionally  is  capable  of  use  sa  a  component  b  a 
pyrotechnic  material,  through  mixture  with  an  oxidiz- 


very  slightly  less  impact  sensitive  than  primary  explo¬ 
sives  such  as  lead  styphnate  or  lead  azide  (2  cm),  the 
“fire”  event  is  characterized  by  a  fireball  several  centi¬ 
meters  b  diameter,  bdicatbg  that  the  igniting  oom- 
25  pound  has  a  very  high  gas  output. 

The  heat  of  explosion  of  the  compound  is  measured 
by  igniting  a  sample  of  the  compound  b  a  closed  calo¬ 
rimeter  bomb  under  argon,  and  measuring  the  tempera¬ 
ture  rise  b  a  water  bath  surroundbg  the  bomb.  The 


f  -  ,  ,  .,  ,  .  , .  • _  ,  IUIC  live  iii  a  waici  uavu  suuiuuxiilluk  Lut  uuiuu. 

mg  agent,  to  take  further  advantage  of  beumque  des  ^  of  losion  j,  1367  of  -ample, 

composition  properties  of  the  decahydrodecaboraie  30  ^yll^ch  approximately  3  time*  that  of  commonly  used 


(  —  2)  anioo. 

The  unique  product  of  this  bvention,  bis- 
triamboguanidinium  d  ccah y drcxl ecabo rate,  is  further 
illustrated  by  reference  to  the  followbg  example. 


Example  I  compoui 

Fourteen  hundred  milliliters  of  aqueous  free  onds  wb 

triaminoguanidine,  ob tamed  by  passing  a  2N  solution  of  measure* 

Lriamboguanidbe  hydrocholonde  through  a  column  til  us  rates 

conlainbg  DOW  EX  (g)  2-X8  exchange  resin,  is  neutral-  ^ 
ized  to  pH7  with  approximately  800  ml  of 0.3M  aqueous  .  Obvio 

decahydrodecaboric  acid  at  room  temperature.  A  white  mventioi 
precipitate  forms  immediately  during  the  neutralization.  5COP< 

The  precipitate  b  recovered  and  washed  with  cold  by  the  a] 
water.  A  small  second  crop  of  product  is  obtained  by  I  clab 
reduebg  the  volume  of  filtrate  on  a  rotary  evaporator  ^  T1 

and  chilling  to  0’  C.  drodecal 

Tlie  product  is  purified  by  dissolving  the  precipitate  BioHio 
in  800  ml  deionized  water  at  80’  C-  and  slowly  addbg  Z  A  p 
the  hot  solution  to  4000  ml  reagent  grade  isopropanol, 
with  vigorous  stirring,  where  the  product  reprecipi-  iO 
tale*,  the  precipitate  b  filtered,  washed  b  butyl  acetate,  , 
rc filtered,  and  dried  in  vacuo  at  140“  F.  f*1  P1"0* 


initiating  explosive*  such  as  lead  azide  or  lead  styph¬ 
nate. 

The  autoignition  temperature  of  the  compound  is 
measured  by  recording  the  temperature  at  which  the 
compound  will  not  spontaneously  ignite  withb  5  sec¬ 
onds  when  placed  b  contact  with  a  hot  reservoir.  The 
measured  autoignition  temperature  b  252*  C.,  which 
ill  us  rates  the  good  thermal  stability  of  the  subject  com- 


Obvious  modifications  and  equivalents  b  the  present 
bvention  will  be  evident  to  those  skilled  b  the  art,  and 
the  scope  of  the  present  bvention  is  to  be  defbed  solely 
by  the  appended  claims. 

I  claim: 

1.  The  triaminoguanidinium  salt  of  decahy¬ 
drodecaboric  acid,  havbg  the  formula  (C(NHNH  2)3)2 
B10H10. 

2.  A  product  havbg  the  formula 
(OCNHNH^j)jB10H,o 


LA  Id.  Dl  CX-IL2I  UI14  ILikCltU,  vrjuuuu  UJ  UUl  f  1  av-MkV,  .  .  .  .  •  r  _  .  .  .«  f  *  T* 

rrfiltered.  and  dried  in  vacuo  at  140’  F.  P^uct  bong  r°raed  by  ***?%•  otnculnhz. 

63  grams  of  a  nuT^Wwb^wder  with  a 

^^nalymTrhe  ^loHm^ba  sampfe  of  the  com-  jj  f  .  -  - 

pound  boxidized  Sc  with  platinum  black  b  aque-  *■  V1'  P™***  °f  C,M“  * 

£us  solution  to  boric  add.  The  bSric  add  content  of  the  "hereu.  the  concentrations  of  the  reacting  aqueous 
degraded  product  b  determined  by  titration  against  ««  approznna^y  03  molati  whereby  sab 

sodium  hydroxide  b  mannitol  solution.  Boron  content  P"*u*  ^  precipitated,  and  then  sab  product : »  filtered, 

found:  32.2%.  Theoretical  contenti  32.9%.  „  °°,d  wato  “d  w“*ed  .w,th  b.U^  “etate’ 

The  infrared  spectrum  b  obtabed  b  a  KBr  pellet  80  .  *;  A  monopropellant  consisting  essen- 

b  corpora  ting  the^mpound.  The  spectrum  between  ^  trLaminogusmdinmm  sift ‘  ofdeohy- 

4000  ind  800  cm"1  b  virtually  a  superposition  or  spec-  Jrodecabonc  acid,  having  the  formula  (C{NH>TH  2)3)2 

tra  of  trismboguanidine  hydrochloride  and  metallic  Bio^MO-  .....  .  .  ...  ... . 

salts  of  decahydrodecaboric  add  with  some  mbor  shift-  5.  A  pyrotechnic  mixture  consisting  essentially  of  the 


du^toSd f^mcL^stic  peaks  from  65  uh  according  to  claim  1.  with  an  oxidizbg  agent. 


the  triamboguanidinium  ion  are  found  at  3450,  3320, 
1690,  1600,  1350,  1 130  and  960  cm-1;  the  characteristic 
decahydrodecaboraie  (—2)  icm  peaks  arc  found  at  2470, 


wbereb  said  salt  comprise*  from  10%  and  up  to  100%, 
by  weight,  of  said  mixture. 
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[57]  ABSTRACT 

This  invention  relates  to  novel  pyrotechnic  materials 
useful  in  pyrotechnic,  incendiary,  and  propellant  com¬ 
positions,  and  a  method  of  their  preparation.  The  pro¬ 
cess  is  characterized  by  being  a  cocrystalization  of  cer¬ 
tain  salts  of  decahydrodeca boric  ncid  and  certain  oxi¬ 
dizing  agents,  the  resulting  coprecipitates  are  composi¬ 
tions  chemically  and  physically  distinct  from  the  start¬ 
ing  materials. 


26  Claims,  5  Drawing  Figure* 
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CO  PRECIPITATED  PYROTECHNIC 
COMPOSmON  PROCESSES  AND  RESULTANT 
PRODUCTS 

CROSS-REFERENCES  TO  RELATED 
APPLICATIONS 

This  ipplication  is  i  continuation-in-part  of  copend¬ 
ing  application,  Ser.  No.  585,216,  filed  June  6,  1975, 
entitled  HIGH  BURN  PROPELLANT  COMPOSE  10 
TIONS,  now  abandoned.  Certain  specific  applications 
of  the  subject  invention  are  taught  in  our  copending 
applications  ACTIVE  BINDER  PROPELLANTS 
INCORPORATING  BURNING  RATE  CATA¬ 
LYSTS  filed  June  15,  1976  and  HIGH  BURNING  15 
RATE  PROPELLANTS  WITH  COPRECIPI¬ 
TATED  SALTS  OF  DECAHYDROCECABORIC 
ACID,  Ser.  No.  707,810,  filed  July  22,  1976. 

BACKGROUND  AND  SUMMARY  OF  THE  M 
INVENTION 


2 

ingredients  and  stabilizers;  the  propellants  made  by  this 
method  exhibit  a  fast  burn  rate  wholly  unobtainable  by 
using  physical  blends  of  oxidizers  and  fuels  in  a  similar 
binder. 

The  most  significant  property  of  the  final  composi¬ 
tions  is  that,  despite  a  very  high  energy  content,  they  do 
not  detonate  when  confined,  but  burn  at  a  steady  and 
predictable  rate. 

BRIEF'D ESCRIPTION  OF  THE  DRAWINGS 

FIG.  1  is  a  schematic  representation  of  a  coprecipita¬ 
tion  sequence  according  to  the  present  invention; 

FIGS.  2  and  3  are  schematic  representations  of  a  first 
form  of  coprecipitation  apparatus  usable  according  to 
the  present  invention; 

FIG.  4  is  a  schematic  representation  of  a  second  form 
of  coprecipitation  apparatus  usable  according  to  the 
present  invention; 

FIG.  5  is  a  schematic  illustration  of  a  cartridge  testing 
setup  for  the  products  of  the  present  invention. 


The  present  invention  describes  a  family  of  new  and  DETAILED  DESCRIPTION  OF  THE 

unique  pyrotechnic  compositions  and  a  method  of  pre-  INVENTION 

paring  them.  The  compositions  consist  of  selected  me-  The  simple  decahydrodecaborate  salts  used  as  a  start- 
tallic  and  nonmetallic  salts  of  decahydrodecaboric  acid,  25  j^g  material  according  to  this  invention  are  compounds 
in  combination  with  certain  oxidizing  agents.  The  of  the  general  chemical  formula: 
method  of  preparing  the  compositions  results  in  chemi¬ 
cal  substances  in  which  there  is  intercrystalline  mixing  Mj(B,oHio)7 

of  the  substituents,  in  a  chemical  state  not  obtainable  by 

physical  blending  30  where  M  is  a  cation  or  complex  cation  incorporating 

The  unique  character  of  the  new  compositions  is  hydrogen,  nitrogen,  carbon,  or  metals,  or  some  combi- 

prod  uced  by  the  method  of  manufacture.  In  the  process,  nation  thereof,  and  is  chosen  from  the  list  given  below; 

the  decahydrodecaborate  (—2)  salt  and  oxidizer  are  x  is  the  number  of  M  ions;  and  y  is  equal  to: 

dissolved  in  a  suitable  solvent.  The  solution  containing 

the  salt  and  oxidizer  are  pumped  under  pressure  35  x  tiroes  the  valence  of  the  M  ion 

through  a  nozzle  into  a  mixing  chamber  containing  a  2  '  ' 

high  flow  rate  of  a  suitable  nonsolvenL  The  dissolved 

ingredients  are  rapidly  precipitated  into  very  fine  inter-  The  compounds  may  further  be  defined  as  salts  of 
twined  crystals  containing  the  original  constituents  in  a  decahydrodecaboric  acid,  and  thus  contain  as  a  corn- 

different  physical  and  chemical  environment  than  the  40  mon  >on  the  decahydrodecaborate  (—2)  anion 
starting  crystals.  BloHio-2- 

The  physical,  thermochemical,  and  ldnetic  properties  The  cation  M  is  chosen  from  the  classes: 

of  the  new  compositions  are  radically  different  than  the  *•  ammonium,  NH4+ ,  wherein  the  salt  has  the  for- 

corresponding  physical  blends  of  the  starting  ingredi-  mula  (NH^  BiqHjo,  and  is  described  by  KNOTH 

ents.  The  pyrotechnic  performance  of  the  new  compo-  45  U.S.  Pat.  No.  3,148,938. 

sinons  is  wholly  unpredicted  by  studies  of  the  corre-  b.  bydrazinium,  NH2NHj+,  wherein  the  salt  has  the 
spondmg  physical  blends.  Analysis  of  the  infrared  spec-  formula  (N^NHj^BioHio,  and  is  described  by 

tra  of  the  subject  compositions  reveals  that  the  critical  KNOTH  U.S.  Pat.  No.  3,148,938, 

ingredients,  in  particular  the  decahydrodecaborate  c.  substituted  ammonium  cations,  wherein  the  salt  has 
(  —  2)  ion,  are  in  different  chemical  environments  than  50  the  general  formula  (RjNH)2B]oH]o,  where  R  can 

the  starting  ingredients.  In  addition,  the  particles  pro-  be  hydrogen  (K)  or  an  alkyl  radical  (preferred 

duccd  by  the  rapid  precipitation  are  of  smaller  and  more  radicals  contain  less  than  six  (6)  carbon  atoms).  The 

uniform  panicle  size  than  the  starting  ingredients.  R’s  the  preceding  formula  may  represent  differ- 

Thesc  facts  demonstrate  that  the  decahydrodecaborate  ent  aJ^yl  groups.  Compounds  with  two  or  three 

(-2)  ion  is  in  very  intimate  contact  with  the  oxidizing  55  hydrogen  radicals  are  described  by  KNOTH  U.S. 

species,  which  results  in  far  more  uniform  and  predict-  Pat.  No.  3,149,163.  Typical  cations  are  mcthylam- 

able  burning  than  is  obtainable  by  other  means  of  com-  monium  (CHj)NH3+,  dimcthylammonium 

bming  the  ingredients.  (CHj)2NH2+,  trimethyl  ammonium  (CH3)jNH  +  , 

The  compositions  of  this  invention  are  very  useful  for  and  triethylammonium  (CHjCH2)j  NH+. 

a  variety  of  purposes.  They  are  excellent  ignition  mate-  60  d-  substituted  hydrazinium  cations,  wherein  the  salt 
rials  for  other  pyrotechnic,  incendiary,  or  propellant  has  the  general  formula  (R2NNR2H)2B)oH)o, 

compositions,  such  as  gun  and  rocket  propellants.  Con-  where  R  can  be  hydrogen  (H)  or  an  alkyl  radical 

fined  in  1  raetaj  sheath,  they  exhibit  a  range  of  bum  rates  (preferred  radicals  contain  less  than  six  (6)  carbon 

and  stability  unobtainable  by  any  otheT  compositions.  atoms),  and  the  substituted  alkyl  groups  can  be 

They  can  be  incorporated  as  bum  rate  catalysts  into  65  symmetric  or  assymmetric  with  respect  to  the  N-N 

rocket  and  gun  propellants.  A  rocket  or  gun  propellant  linkage.  Symmetric  substituted  cations  are  de- 

um  he  made  fc  in  lh(  iti^-etsoctjpwitions  byttmjJbil*-  scribed  by  KNOTH  11  f  Tsf  No  3  14b-  !6>  A& 

ing  them  with  a  suitable  binder  and  other  pyrotechnic  example  of  an  unsymmetric  substituted  cation  is 
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ing  formuli  may  be  mued  alkyl  radicals.  _Eir..  .  .  ,  t;d  OXVBcn  containing  metal  or  non- 

5  SW-i  or  incorporation  tao  *.  -** 
-  -  -  — . -  tion. 


! 


f. 


alkyl  groups.  Examples  of  typical  cations  are  tetra- 
meihylammonium  (CHj)4N-  and  tetraethylammo- 

nium  (CHjCHi)4N  +  . 

aryl  containing  cations,  such  as  pyndidimum, 
bipyridinium,  or  substituted  aryl  cations,  such  as 
aryl-diaionium  cations. 

g  guamdinium  ion,  C(NHo)j  +  ,  wherein  the  salt  has 
the  formula  (C(NH>)j):B,oH|o.  and  is  described  in 
the  copending  application  of  common  assignment. 


10 


Solid  oxidizing  agents  useful  in  this  invention  must 
meet  certain  criteria,  such  as  listed  in  the  description  of 
the  coprecipitation  process.  In  general,  solid  oxidizing 
agents  include  ammonium,  substituted  ammonium, 
guanidine,  substituted  guanidine,  alkali  and  alkaline- 
earth  salts  of  oxygen  containing  acids  such  as  mine, 
perchloric,  permanganic,  manganic,  chromic,  and  di¬ 
chromic  acids.  Preferred  species  for  this  invention, 


entitled 


Bg,SPGPUA >5  which  gave  good  thermal  stability  and  low  hygroscop- 
bia-uu/soux-'i.  i  _ „„„  .  ....  .  mtrflip  nntaxxium  nitrate,  do- 


DRODECABORATE  AND  A  PROCESS  FOR 
ITS  PREPARATION,  filed  June  10,  1976,  and 
now  U.S.  Pat.  No.  4,002,681. 
h.  meul  ions,  derived  from  metals  defined  by  a  Peri¬ 
odic  Table  such  as  that  in  the  "Handbook  of  Chem¬ 
istry  and  Physics".  54th  Edition,  inside  front  cover, 
by  the  elements  in  Groups  1,  2,  8,  3b,  4b,  5b  6b  and 
ctawm.ti  Groupi  3a,  4a,  5a,  and  6a 
with  atomic  numbers  greater  than  5,  14,  33,  and  52 


tvitit-u  50*1-  — - -  -  t  - 

icity  include  ammonium  nitrate,  potassium  nitrate,  po¬ 
tassium  perchlorate,  ammonium  perchlorate,  guanidine 
nitrate,  triaminoguanidine  nitrate,  potassium  permanga¬ 
nate,  sodium  chromate,  barium  nitrate,  barium  chro- 
20  mate,  barium  manganate,  sodium  dichromate,  tetra- 
methylammonium  nitrate  and  cesium  nitrate.  Other 
solid  oxidizing  agents  which  could  be  used  if  the  appro¬ 
priate  solvent/nonsolvent  system  were  used  include 
,  n,«n  ,  id  11  ana  ammonium,  substituted  antmoiiiuin,  guanidine,  subru 

with  atomic  nunibengresterthsn  5.^1,  ^  ^  ^  idin£i  alkali  and  alkaline-earth  salts  of  other 

respectively.  The  metal '  „  '  p  N  oxygen-contaimng  acids  such  as  chloric,  persulfunc, 

"f  «  .SSuric,  pcriSdta  iodic  »d  bromic  .dd. Orhcr 

X  ,  ....  ...  the  cesium  and  poias-  stable  oxidiiem  include  lead  thiocyanate,  the  oxides  and 

S5M5K  «i^d^  2-u 

substances  such  as  nitrocellulose,  nitroguanidme,  and 

cyclotetramethylenetetranitramine  (HMX).  Mixtures  of 

35  the  aforementioned  oxidizing  agents  also  can  be  used. 
The  compositions  of  this  invention  make  use  of  the 
unique  decomposition  properties  of  the  decahy- 
drodecaborate  (-2)  ion,  a  bicapped  square  antipnsm 

_  .  a,  r  A~.xrr<\  cation  suen  as  a  polyhedral  ion  with  unusual  stability;  the  ion  is  believed 

conjugate  BrOn-tcd  base  of  the  dwired  ca  ,  tinetically  rather  than  thermodynamically  stabi- 

free  amine,  or  3)  a  soluble  salt  of  «hed««d  cabon,  40  £  be  ™  JcmonslT&les  ^  unusually  fast  decompo¬ 
se  h  that  the  salt  Sirin  upon  oxidation,  which  is  believed  to  proceoi 

such  as  guanidine  carbonate.  A  BrOnsted  case  is  any  .  .TV  ,  bU  ica]  hydrogen  atoms  bonded  to  the 
substance  capable  of  accepting  a  proton  in  a  reaction;  though  the ^bUeap.^  nyo^  ^  ^  #  physica] 

may  be  evaporated  to  dryness  to  reco  er  j  metallic  salts  of  the  decahydrodecaborate  ion 

salt.  Alternatively,  some  salts  may  be  Pr“,j”.ul^  °  w  h  produCe  extremely  fast  deflagration  rates  and 

,bc  ,»  Jol.Ho.  by  .  nontolv™.  ,h.. ,,  =b  »  ",  odu« r  c> .  ^  ^ 


in  this  invention.  . 

The  salts  of  the  decahydrodecaborate  (-2)  ion 
(Chemical  formula  BkjHio-2)  are  conveniently  pre¬ 
pared  by  stoichiomelncally  reacting  an  aqueous  solu¬ 
tion  of  the  parent  acid,  dihydr&gen  deeahydroJeca.  > 
rate,  H:B,oH1(>  with  (1)  a  soluble  hydroxide  of  the 
desired  cation,  such  as  ammonium  hydroxide,  (2;  tne 
conjugate  Brpn-.cd  base  of  the  desired  cation,  such  as  a 
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with  water.  The  salts  may  be  purified  by  recrystalliza. 

lion.  . ,  ,  ,  . 

The  aqueous  decahydrodecabonc  acid  used  as  a  start¬ 
ing  material  for  the  process  of  this  invention  is  conve- 
-  niently  prepared  by  passing  an  amine  or  metal  salt  of  the  55 
decahydrodecaborate  (-2)  ion  through  a  column  con¬ 
taining  a  strongly  acidic  ion  exchange  resin  of  the  sul¬ 
fonic  acid  type,  such  as  a  DUOLITE  type  "C-20  ,  acid 
form  by  the  Diamond  Shamrock  Corporation.  Pre- 
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high  heat  and  gas  outputs  are  described  in  our  copend¬ 
ing  application  entitled  IGNITION  AND  PYRO¬ 
TECHNIC  COMPOSITIONS,  filed  June  10,  1976,  as 

Ser.  No.  694,625.  _ 

The  compositions  of  this  invention,  as  well  as  those 
taught  in  our  above-noted  copending  application,  are 
unique  in  that,  despite  the  fact  that  a  high  energy  fuel, 
namely  those  decahydrodecaborate  (—2)  salts  repre¬ 
sented  by  the  cation  classes  (a)  through  (g)  is  being 


form  by  the  Di^°ndb^[^lamm^um)  decahy-  60  used,  the'ieaction  does  riot  propagate  to  a  detonation,  as 
ferred  starting  salts  are  M‘neihylMmomumj io  y  moU  commonly  used  high  energy  compost- 
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drodecaborate  (-2)  and  disodium  decahydrodecabo¬ 
rate  (  —  2).  The  preparation  and  properties  of  the  aque¬ 
ous  acid,  and  additional  preparative  methods  for  metal¬ 
lic  salts,  are  described  in  more  detail  ui  U.S.  Pat.  No. 
3  148,939. 

’  The  second  essential  component  of  the  subject  pyro¬ 
technic  com^'jtions  is  an  oxidizing  agent,  i.e.,  a  mate¬ 
rial  that  will  readily  react  or  burn  when  mixed  with  the 
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is  true  with  most  commonly  used  high  energy  compost 
tions  such  ts  commercial  and  military  explosives.  This 
unusual  property  is  due  to  the  fact  that  the  reaction 
mechanism  is  kinctically  rather  than  thermodynami¬ 
cs  cally  controlled,  i.e.,  the  deflagration  occurs  in  such  a 
manner  that  much  heat  is  generated  in  the  reaction 
without  this  heat  accelerating  the  reaction  to  the  point 
of  detonation.  1  i.e  driw-rxris.  b«W**n  defi  igaUm  and 
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detonation  is  used  in  the  common  sense,  whereby  in 
deflagration,  the  chemical  change  or  "burning”  of  the 
fuel  occurs  in  advance  of  compression  front  caused  by 
tnc  expanding  gases  whereas  iu  dciuuanon  the  c'iicuiiuij 
reaction  occurs  after  the  compression  or  shock  wave  5 
propagates  through  the  composition  medium.  A  more 
detailed  explanation  of  lhir  phenomenon  may  be  found 
in  a  text  on  explosives  such  as  C.  H.  Johansson  and  P.  A. 
Persson  “Detonics  of  High  Explosives”,  (Academic 
Press,  N.Y.,  1970).  10 

A  critical  factor  in  obtaining  reprc  ’uceable  and  uni¬ 
form  buring  a  composition  containing  the  decahy- 
drodecaborate  (—2)  is  recognized  by  those  practiced  in 
the  art  to  be  an  intimate  contact  between  the  decahy- 
dfodeeabcrate  {  -2)  ion  Ihe  -pertSc  ion  of  OxfJil- 
ing  species  which  eiTects  the  initial  oxidative  step  which 
leads  to  the  breakup  of  the  borane  ion.  This  intimate 
contact  is  attempted  in  common  practice  by  physically 
blending  very  finely  ground  or  prepared  powders  of  the  ^ 
decahydrodecaborate  (—2)  salt  with  the  oxidizing 
agent. 

The  physical  blends  of  oxidizer  with  the  decahy- 
orodecaboric  acid  salts,  as  described  in  our  copending 
application  noted  above,  suffer  from  several  deficien- 
cies  inherent  in  the  physical  blend  properties  and  pro¬ 
cessing  technique.  When  used  as  a  confined  column 
delay,  in  a  lead  sheath,  for  example,  the  burn  rates  may 
be  unreproduccable,  and  the  column  fails  to  propagate 
below  a  certain  critical  distribution  of  the  mixture  in  the  30 
tube.  The  stoichiometry  of  a  physical  blend  is  always 
aubject  to  point-to-point  variations  due  to  blending 
techniques,  settling  and  separation  of  the  separate  ingre¬ 
dients,  and  particle  size  distributions  of  the  constituent 
materials.  35 

A  method  is  thereby  needed  to  produce  a  composi¬ 
tion  with  very  uniform  composition,  in  which  the  fuel 
anion  and  oxidizer  &>e  in  very  Ultimate  contact,  and 
which  u  very  reproduceable  in  manufacturing  tech¬ 
niques  from  lot  to  lot.  It  has  been  discovered  that  such  *0 
m  kwtte  trial  if  e  eas  be  obtained  if  the  decahy 
drodecaborate  (—2)  anion  is  mixed  in  the  crystal  lattice 
with  the  oxidizing  agent,  iuch  as  a  nitrate  ion,  and  if 
crystals  containing  the  respective  ions  and  oxidizing 
agents  are  intimately  intertwined. 

The  process  by  which  the  compositions  of  this  inven¬ 
tion  are  prepared  produces  a  very  intimate  blend  of 
decahydrodecabotate  (^-2)  ion  with  the  oxidizer,  and 
makes  the  compositions  so  prepared  chemically  and 
physically  unique  from  physical  blends  of  decahy¬ 
drodecaborate  (—2)  salts  with  oxidizer  or  pyrotechnic 
compositions  incorporating  decahydrodecaborate  (  —  2) 
salts  produced  by  other  means.  In  general,  the  process 
consists  of  dissolving,  in  a  suitable  solvent,  a  decahy-  JS 
drodecaborate  (—2)  salt,  as  described  above,  and  also 
dissolving,  in  the  same  solution,  an  oxidizing  agent,  as 
described  above.  The  subject  composition  is  recovered 
by  precipitating  the' composite  ingredients  of  the  solu¬ 
tion  with  a  suitable  nonsolvent.  The  resulting  solid,  go 
after  filtration  and  drying,  comprises  an  intimate  mix¬ 
ture  of  the  decahydrodecaborate  (—2)  anion  with  the 
oxidizing  cation  or  substance,  in  a  form  that  is  chemi¬ 
cally  r.nd  physically  different  than  the  starting  matcri- 

65 

The  process  may  be  properly  called  a  "cocrystalliza- 
don”  or  "coprecipitation"  and  the  resulting  product  a 
"cocrys tills te"  or  “coprecipitate". 
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In  order  to  successfully  coprecipitate  the  decahy¬ 
drodecaborate  (—2)  salt  with  the  oxidizing  agent,  three 
criteria  on  the  composite  .system  must  be  met: 

*.  Both  ll,e  decohyiifodecibcrale  (  3)  su!J  tid  Ibe 
oxidizing  Bgent  must  be  soluble  in  the  same  solvent. 

b.  The  resulting  coprecipitate  must  be  insoluble  in  the 
solvent/nonsolvent  fluid  resulting  from  the  mixing 
process. 

c.  Solvent  and  nonsolvent  must  be  miscible  in  all 
proportions. 

Examples  of  solvent/nonsolvent  systems  which  meet 
the  last  criteria,  and,  depending  on  the  individual  ingre¬ 
dients’  solubility,  can  be  used  to  produce  certain  of  the 
subject  compositions,  include  water/acetone,  water- 
/isopropyl  alcohol,  methanol/toluene  and  methanol/- 
butyl  acetate.  Ctther  solvents  and/or  nonsolvents  in¬ 
clude  but  are  not  limited  to  ethanol,  t-butyl  alcohol, 
ethylene  glycol,  ethylene  glycol  butyl  ether,  diacetone 
alcohol,  methylisobutyl  ketone,  diisobutylketone, 
methyl  ethyl  ketone,  dimethylformamide,  tetrahydrofu- 
ran,  glycerol,  xylenes,  dimethylsulfoxide,  and  n-inethyl 
pyrrolidinone. 

A  general  requirement  for  the  preparative  process  is 
that  the  mixing  between  solution  and  nonsolvent  he 
rapid,  in  order  that  the  precipitating  ingredients  may  be 
intimately  mixed.  A  slow  crystal  growth  in  which  the 
various  anions  Rnd  cations  or  constituents  in  the  crystal 
lattice  are  well  ordered  is  avoided  in  the  rapid  precipita¬ 
tion  process.  A  mixing  generally  known  in  the  chemical 
processing  industry  as  "rapid  mixing"  or  "static  mix¬ 
ing"  can  be  specially  adapted  to  produce  the  desired 
compositions. 

A  general  schematic  diagram  of  an  apparatus  suitable 
for  producing  a  sufficiently  rapid  and  complete  precipi¬ 
tation  of  the  composition  ingredients  is  shown  in  FIG. 
1.  The  essential  subsystems  include  I,  a  storage  tank  and 
plumbing  to  deliver  a  specified  flow  rate  of  solution  into 
a  mixing  chamber,  2,  a  means  to  carefully  control  the 
forementioned  flow  rate;  3,  a  storage  tankAd  plumbing 
to  deliver  the  nonsolvent  to  the  mixing  pjambcr;  4,  a 
mrars  oFcciucdlling  Ifcr  BcucUtertllc  K'  isir  I  *  mix¬ 
ing  chamber  with  fluid  dynamic  behavior  suitable  for 
achieving  the  required  mixing  conditions;  6,  a  means  of 
collecting  the  effluent  containing  the  coprecipitated 
composition;  7,  a  means  of  maintaining  an  adequate 
temperature  in  the  solution  flow  path.  In  operation,  the 
solution  of  the  desired  decahydrodecaborate  (—2)  salt 
and  oxidizer  is  placed  in  the  "solvent"  tank,  which  may 
be  heated  Dy  internal  coils  or  an  external  steam  or  water 
jacket.  The  solution  is  pumped  to  the  mixing  chamber 
by  pressurizing  the  storage  tunic;  the  line  through  which 
the  solution  flows  may  be  heated  by  a  steam  or  water 
jacket  or  heating  tapes.  The  flow  rate  may  be  regulated 
by  introducing  into  the  solution  line  a  flowmeter  with 
an  adequate  flow  adjustment,  ur  alternately,  by  control¬ 
ling  the  driving  pressure  in  the  tank  such  that  the  pres¬ 
sure  in  the  tarJc  such  that  the  pressure  in  conjunction 
with  the  nozzle  aperture  resistance  results  in  the  desired 
flow.  The  nonsolvent  is  placed  in  a  storage  tank  of 
adequate  capacity,  and  likewise  pumped  under  pressure 
into  the  mixing  chamber. 

The  mixing  chamber  design  and  resulting  dyramics 
of  fluid  mixing  in  the  chamber  is  critical  to  the  success¬ 
ful  coprecipitation  of  the  subject  composition.  It  is  es¬ 
sential  in  the  precipitation  process  that  the  solvent  and 
nonsolvent  be  brought  together  very  rapidly  and  under 
conditions  of  extreme  turbulence,  in  order  to  produce 
the  requisite  intermingling  of  the  solution  and  nonsol- 
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vent  which  effects  the  actual  precipitation.  Two  designs  temperature  of  the  solution  flowing  in  the  apparatus, 
which  successfully  accomplish  this  rapid  precipitation  and  the  ratio  of  flow  rates  of  solution  to  nonsolvent 
are  shown  in  FIGS.  2  and  3.  must  be  chosen  individually  for  each  decahydrodecabo- 

FIGS.  2  and  3  show  an  apparatus  suitable  for  produc-  rate  (-2)  salt  and  oxidizer  combination  desired.  Practi- 
ing  the  subject  compositions  on  a  50  to  500  gram  labora-  3  cally  speaking,  the  solution  concentrations  are  pre- 
tory  scale.  The  solution  is  pumped  through  a  moveable  ferred  to  be  within  a  factor  of  5  of  the  saturation  con- 
nozzle  10  consisting  of  an  array  of  small  apertures  into  cent  rations  at  the  operating  temperature  used,  in  order 
the  mixing  chamber  12.  The  nozzle  aperture  and  pattern  to  minimize'  nonsol  vent  usage  and  therefore  cost.  Spar- 
are  designed  to  optimize  flow  rates  and  turbulence  for  a  ingly  soluble  oxidizers  or  decahydrodecaborate  (-2) 
fluid  of  particular .viscosity;  aperture  diameters  between  10  salts  may  be  dissolved  at  elevated  temperature;  the 
0.005  and  0.025  inches  and  equally  spaced  on  a  circle  elevated  temperature  must  be  maintained  in  the  co- 
between  0.020  and  0.075  inch  diameter  are  preferred.  A  precipitator  storage  tanks  and  flow  lines  in  order  to 
useful  configuration  consists  of  8  0.010  inch  diameter  prevent  a  drop  in  the  fluid  temperature  with  accompa- 
holes  equally  spaced  on  a  0.060  diameter  circle.  The  nying  premature  precipitation  of  the  constituents  before 
mixing  chamber  volume  is  controlled  by  movement  of  15  reaching  the  mixing  chamber.  The  solution/nonsolvent 
the  nozzle  in  block  14.  The  nozzle  is  moved  by  microm-  flow  ratio  must  be  sufficiently  small  to  assure  complete 

eter  16  mounted  in  block  18  sliding  on  rails  20;  block  22  precipitation  of  the  desired  product  Alternately,  the 

is  held  against  the  micrometer  by  springs  24.  A  sliding  initial  concentrations  of  the  salt  and  oxidizer  in  the 

seal  26  prevents  leakage  from  the  mixing  chamber.  solution  may  be  adjusted  so  that  the  desired  stoichio- 

Thermocouple  28  monitors  the  effluent  temperature.  20  metric  product  is  obtained  for  a  fixed  solution/nonsol- 
Distance  or  "gap"  between  the  nozzle  tip  and  chamber  vent  ratio. 

wall  may  be  varied  between  0  and  0.300  inches  in  order  The  subject  compositions  are  recovered  by  filtering 
to  provide  a  variable  back  pressure  on  the  nonsolvent  and  washing  the  precipitate.  A  washing  with  an  inert 

flow.  The  range  0.01 5  and  0.050  inches  is  preferred  for  and  nonsolvent  fluid  after  filtration  is  an  essential  step  in 

optimum  mixing  when  a  fluid  with  a  viscosity  similar  to  23  recovering  a  useful  product.  A  preferred  washing  fluid 
water  is  the  non-solvent.  The  nonsolvent  is  pumped  is  butyl  acetate.  The  washing  is  necessary  to  give  a 

directly  into  the  mixing  chamber,  as  shown.  The  edge  product  that  can  be  readily  broken  up  into  a  fluffy  pow- 

of  the  nozzle  assembly  10  creates  the  necessary  turbu-  der  after  the  drying  process.  A  preferred  drying  process 

lence  for  effective  mixing.  The  coprecipitate  is  carried  consists  of  allowing  the  washed  powder  to  dry  for  1 8  to 

’  by  the  effluent  stream  out  to  tin  outflow  port,  and  30  30  hours  in  open  air,  followed  by  subsequent  forced  air 
thence  to  a  catch  tank.  As  shown  in  FIG.  1,  flows  are  oven  drying  for  48  hours  minimum  at  60  to  80  degrees 

controlled  by  flowmeters  in  the  input  lines.  Flows  on  Centigrade. 

the  solvent  line  may  be  varied  between  30  and  600  cubic  The  products  recovered  from  the  filtration  and  wash- 
centimeters  per  minute  for  a  fluid  with  viscosity  similar  ing,  after  drying,  are  very  fine,  fluffy  powders  with  a 

to  water.  Tank  capacities  are  2  liters  solution  and  20  33  relatively  low  bulk  density,  indicating  that  the  effective 
liters  nonsolvent.  Filtration  and  drying  of  the  precipi-  particle  size  of  the  material  is  very  small.  Viewed  nnrt<r 

tate  in  the  catch  tank  recovers  the  desired  product.  a  microscope,  the  powders  consist  of  agglomerates  of 

FIG.  4  shows  a  second  mixer  for  FIG.  1,  suitable  for  very  small  intertwined  crystals, 
producing  larger  quantities  of  the  subject  compositions.  The  crystal  density  of  the  compositions,  as  measured 
The  solution  is  pumped  through  nozzle  30  into  mixing  40  by  tightly  compressing  a  sample  of  the  powders,  differs 
chamber  32,  of  internal  dimensions  on  the  order  of  2  markedly  from  what  is  calculated  for  the  crystal  density 
inches.  The  nOMolvent  flows  through  nozzle  M  into  the  by  summing  the  contributions  from  the  starting  crystals, 
same  chamber  at  right  angles  to  nozzle  30.  The  nozzles  The  deviations  have  been  found  to  be  as  much  as  30%' 
may  be  standard  spray  nozzles  such  as  those  purchased  and  may  be  either  higher  or  lower  than  the  calculated’ 
froui  the  Spray  Engineering  Compury  Burlhgtce.  S3  dr  sky  Tij»t  type,  of  ih»ta  normally  indicate  that  the 
Mass.  The  co precipitated  effluent  from  the  mixing  crystal  compositions  and  structure  are  different  than  a 
chamber  flows  through  a  tube  34  containing  curved  physical  blend  of  the  starting  ingredients, 
sheet  like  elements  36  within  the  tube;  the  tube  mixing  Significantly,  the  IR  spectra  of  the  subject  composi- 
device  itself  is  known  and  described  for  example  in  tions  are  found  to  differ  substantially  from  a  superposi- 
ARMENIADES,  U.S.  Pat.  No.  3,286,992.  In  this  appa-  30  tion  of  the  spectra  of  the  starting  materials.  A  particu- 
ratus  the  majority  of  coprecipitation  occurs  at  the  inter-  larly  useful  spectral  feature  for  analysis  of  the  chemical 
section  of  the  spray  nozzles.  The  tube  element  38  is  species  is  the  boron-hydrogen  stretching  frequency  in 
merely  an  auxiliary  mixer  that  assures  complete  and  the  vicinity  of2500cm-1;  this  feature  is  a  characteristic 
rapid  precipitation  of  any  product  not  precipitated  in  or  the  decahydrodecaborate  (-2)  ion,  and  substructure 
the  main  chamber.  Flow  rates  on  this  apparatus  are  35  on  the  region  can  be  used  to  compare  chemical  and 
controlled  by  the  driving  pressure  behind  the  nozzles,  crystal  environments  of  different  compositions  contain- 
which  generates  the  required  constricture  in  the  flow.  ing  the  ion.  It  is  recognized  by  those  practiced  in  the  art. 
The  range  of  preferred  driving  pressure  is  10  to  150  and  as  further  explained  by  Kazuo  Nakamoto  in  "Infra¬ 
pounds  per  square  inch  guage,  for  each  of  the  process  red  Spectra  of  Inorganic  and  Coordination  Corn- 
streams.  60  pounds”,  2nd  Edition,  p.  61,  that  inorganic  crystal  spec- 

While  crystalline  size  may  be  affected  by  choosing  tra  in  the  high  frequency  region,  which  includes  the 
the  Apparatus  of  FIGS.  2  or  4,  for  the  purposes  of  this  2500  cm"1  region,  consists  of  combination  bands  of 
invention  this  is  irrelevant.  Regardless  of  coprecipitated  crystal  lattice  mode  frequencies  with  fundamental  mode 
particle  size,  the  chemical  natures  of  these  coprecipi-  characteristic  frequencies.  In  addition,  peak  splittings 
tales  are  indistinguishable,  as  evidenced  by  pyrotechnic  65  are  often  caused  by  the  occupration  of  more  than  one 
performance  tests.  unique  crystal  lattice  site  by  an  ion,  or  by  destruction  of 

The  concentrations  of  decahydrodecaborate  (—2)  degeneracies  in  the  gas  phase  molecular  frequency  by 
salt  and  oxidizer  in  the  starting  solution,  the  operating  crystal  lattice  effects.  The  differences  in  substructure  in 
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i  fundamental  peak  »uch  as  that  of  the  2500  cm-'  band 
characteristic  of  the  BjoHio-2  >0D  04,1  ^1U1  ^  attributed 
to  changes  in  the  chetnicaJ  and  crystal  environment  of 

the  ion.  ,  ,  . 

The  1R  ipcctra  of  the  subject  compositions  tn  the  J 
2500  ctn-1  region  show  in  general,  and  as  shown  in 
it  by  the  various  examples  to  follow,  that  the  chemi¬ 
cal  and  crystal  environment  of  the  decahydrodecaoo- 
ratc  (-2)  ion  is  different  than  the  starting  environment, 
which  demonstrate*  further  that  the  subject  coprecipi- 
lated  compositions  are  differentiated  chemically,  as 
well  as  physically  from  their  physical  blend  counter¬ 
parts. 

The  pyrotechnic  performance  of  the  presently  taught 
coprecipitated  compositions  is  also  markedly  different 
from  that  of  the  counterpart  physical  blends.  In  general, 
the  heat  of  reaction  obtained  by  combusting  the  mixture 
in  an  adiabatic  calorimeter  under  an  inert  gas  such  as 
argon  is  different  fiom  tLnt  obtained  by  preparing  and 
similarly  testing  a  simple  physical  blend  with  the  exact 
same  stoichiometry.  The  heat  of  reaction  may  be 
greater  than,  or  less  than,  that  displayed  by  the  physical 
blend.  Such  behavior  is  in  general  indicative  of  a  differ¬ 
ent  burning  mechanism  for  the  subject  composition  than 
for  a  simple  blend,  which  is,  in  part,  caused  by  different 
arrangement  of  the  chemical  species. 

The  above  general  features  of  the  subject  composi¬ 
tions  demonstrate  that  the  chemical  species  initially 
present  in  the  separated  decabydrodecaborate  (-2)  salt 
and  oxidizer  before  dissolution  have  recombined  in  the 
presently  taught  ooprccipitation  process  to  yield  prod¬ 
ucts  in  which  the  constituents  originally  present  are 
arranged  differently  in  the  final  crystal  environment. 
Furthermore,  and  as  is  illustrated  more  particularly  in 
Example  I,  the  decahydrodecaborate  (-2)  anion, 
which  is  the  critical  ingredient  for  the  unique  perfor¬ 
mance  of  the  compositions,  is  mixed  in  the  crystal  lattice 
is  close  proximity  to  the  oxidizing  anion,  which  effec¬ 
tively  promotes  an  extremely  efficient  and  uniform 
oxidation,  and  therefore  improved  pyrotechnic  perfor¬ 
mance. 

EXAMPLE  I 
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demonstrates  that  for  the  same  apparent  stoichiometry 
significantly  altered  pyrotechnic  characterics  are  expe¬ 
rienced. 

The  precipitation  is  repeated  with  the  remaining  solu¬ 
tion  at  (a)  20:1  nonsolvent/solution  ratios  and  mixing 
chamber  gaps  of  0.015  and  0.045  inches;  at  (b)  10:1 
nonsolvent/solution  volume  ratio  and  0.030  and  0.145 
inch  gaps;  and  (c)  5:1  nonso' .ent/solution  ratio  at  a 
0.030  gap  (FIG.  2).  The  precipitates  are  recovered  as  in 
the  previous  example.  The  measured  heat  of  reaction 
for  the  additional  coprecipitated  samples  are  within 
1.5%  of  the  original  value,  and  the  crystal  densities  are 
within  2%  of  the  original  value.  The  latter  test  indicates 
that  the  composition  has  precipitated  completely  in  the 
first  test,  and  the  stoichiometry  of  the  composition  is 
identical  with  that  of  the  corresponding  physical  blend 
tested. 

Infrared  spectra  of  the  precipitated  materials  show  an 
altered  absorption  region  near  2500  cm  .  The  peak  in 
the  2500  cm-1  region  for  pure  cesium  decahy¬ 
drodecaborate  (—2)  shows  a  major  peak  at  2470  cm-1 
with  a  prominent  red-shifted  sideband  at  2418  cm-*  and 
a  small  blue-shifted  sideband  at  2540  cm-1.  The  precipi¬ 
tated  materia]  shows  a  major  peak  at  2455  cm-1  with 
two  prominent  blue-shifted  peaks  at  2520  cm-*  and 
2572  cm-*  and  a  minor  red  shifted  peak  at  2410cm-’. 
The  spectrum  closely  resembles  that  of  a  known  double 
salt  of  cesium  decahydrodecaborate  (—2)  and  a  cesium 
nitrate  (reference  ARMSTRONG,  U.S.  Pat  No. 
3,107,613)  which  shows  a  major  peak  at  2450  cm-’, 
two  prominent  blue-shifted  peaks  at  2520  and  2575 
cm-’  and  a  minor  red-shifted  peak  at  2420  cm-’.  The 
double  salt  is  known  to  have  the  nitrate  and  decahy¬ 
drodecaborate  (—2)  anions  in  a  one-to-one  ratio  in  the 
crystal  lattice.  This  evidence  demonstrates  that  in  all 
probability,  the  precipitate  obtained  from  the  foremen- 
tioned  process  has  the  nitrate  and  decahydrodecaborate 
(—2)  ions  mixed  in  the  lattice,  i.e.,  the  chemical  species 
have  been  rearranged  chemically  during  the  process. 
Needless  to  say,  the  stoichiometry  of  the  double  salt  and 
the  coprecipitations  taught  herein  are  widely  dissimilar. 

EXAMPLE  II 


One  hundred  thirty-five  grains  of  purified  cesium 
decahydrodecaborate  (— 2)  (Cs^BjqHio)  and  405  grams  45 
potassium  nitrate  are  dissolved  in  1260  milliliters  deion¬ 
ized  water  at  60*  Centigrade.  The  solution  is  filtered  hot 
to  remove  a  trace  of  insoluble  residue.  The  solution  is 
placed  into  a  precipitating  system  shown  in  FIG.  1  and 
pumped  to  a  mixing  apparatus,  as  depicted  in  FIG.  2.  50 
Acetone  is  used  as  a  nonsolvent.  The  product  is  precipi¬ 
tated  over  a  period  of  several  minutes  using  a  solution 
flow  rate  of  90  cubic  centimeters  per  minute,  a  nonsol- 
vent  flow  rate  of  1 800 
a  mixing  chamber  gap 
temperature  is  maintained  in  the  solution  tank  and  flow 
lines  during  the  process.  4000  ml  effluent  and  precipi¬ 
tate  are  collected. 

The  resulting  product  is  filtered,  washed  with  butyl 
acetate  in  the  filter,  and  dried,  first  24  hours  in  open  air  60 
and  finally  48  hours  at  60’  Centigrade.  59  grams  of  pure 
white  precipitate  is  recovered. 

The  heat  of  reaction  of  the  coprecipitated  composi¬ 
tion  is  690  calories  per  gram.  The  measured  crystal 
density  is  2.25  grams  per  cubic  centimeter.  By  contrast,  65 
the  heal  of  .eactioft  of  a  t-jrrcsjX/i.uing  ^  i.yricai  fcfefid  is 
measured  a;  825  calories  per  gram,  and  the  calculated 
crystal  deni.ty  is  2.16  grams  per  cubic  centimeter.  This 


Six  hundred  seventy-five  grams  cesium  decahy¬ 
drodecaborate  (-2)  and  2025  grams  potassium  nitrate 
are  dissolved  in  6300  milliliters  deionized  water  at  45* 
Centigrade.  The  solution  is  filtered  hot  to  remove  a 
trace  of  insoluble  material.  The  solution  is  placed  into  a 
precipitating  system  as  shown  in  FIG.  1  and  pumped  to 
a  mixing  apparatus  depicted  in  FIG.  4.  The  solution 
spray  nozzle  is  a  Sprayco  i  GG  1.5  (Spray  Engineering 
Co.,  Burlington,  Mass.).  Acetone  is  used  as  a  nonsol¬ 
vent,  and  is  pumped  into  the  chamber  through  a 


cubic  centimeters  per  minute  and 
of  0.030  inches.  A  50'  Centigrade  55  Sprayco  i  GG  3030  nozzle.  The  flow  rates  are  con¬ 
trolled  by  the  pressures  applied  to  the  solution  and 
nonsolvent  tanks,  25  and  89  PSIG  respectively.  A  flow 
ratio  of  19.8  acetone-to-solution  is  achieved  with  these 
pressures.  The  product  is  precipitated  in  two  increments 
with  several  minutes  operating  time  for  each  increment. 
A  temperature  of  37’  Centigrade  is  maintained  in  the 
solution  tank  and  flow  lines  throughout  the  process. 

The  resulting  product  is  filtered,  washed  with  butyl 
acetone  in  the  filter,  and  dried,  first  25  hours  in  open  air 
and  finally  48  hours  minimum  at  50‘  Centigrade.  2415 
grains  of  a  whfte  fiuffy  pewdet  (yield  is  'Sev¬ 
ered.  The  product  has  a  heat  reaction  of  7 1 2  calories  per 
gram. 
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EXAMPLE  III 

The  miterud  from  Example  II  is  confined  in  a  lead  or 
aluminum  sheath,  by  loading  the  powder  into  a  tube  and 
drawing  or  swaging  the  loaded  and  sealed  tube  through  S 
a  senes  of  dies  until  the  desired  distnbution  of  material 
in  the  sheath  is  reached.  This  distribution  is  normally 
measured  in  grains  of  powder  per  linear  foot  of  the 
sheathed  cord,  and  is  called  "core  load".  A  lead  jack¬ 
eted  cord  exhibits  a  linear  propagation  rate  of  15,300  10 
inches  per  second  at  25  grains  per  foot  loading,  11,600 
inches  per  second  at  12.5  grains  per  foot  loading  and 
9600  inches  per  second  at  1  grain  per  foot.  The  material 
will  propagate  reliably  at  core  loads  of  0.15  gTains  pier 
foot  An  aluminum  jacketed  cord  exhibits  a  linear  burn-  15 
ing  rate  of  approximately  12,000  inches  per  second  at  6 
to  12  grams  per  foot  loading.  By  contrast,  comparable 
physical  blend  consisting  of  25%  10  micron  or  smaller 
cesium  decahydrodeca borate  (  —  2)  and  200  mesh  potas¬ 
sium  nitrate  in  a  lead  sheath  exh,bita  a  burning  rate  of  20 
5300  to  7900  inches  per  second  at  19  grains  per  foot, 
6300  inches  per  second  at  7.3  grains  per  foot,  and  7400 
to  8600  inches  per  second  at  2.2  grains  pier  foot.  Impor¬ 
tantly,  physically  blended  material  does  not  propagate 
reliably  below  this  critical  level.  The  subject  coprecipi-  25 
tated  composition,  prepared  in  Example  II,  thus  dis¬ 
plays  faster  and  more  uniform  propagation  than  the 
corresponding  physical  blend. 

EXAMPLE  rv  jq 

Seventy-six  grams  bis-letramethylammonium 
decahydrodecaborate  (  —  2),  representative  of  class  (e) 
of  the  preceding  list  of  cations,  and  429  grams  potassium 
nitrate  are  dissolved  in  2500  milliliters  deionized  water 
at  ambient  temperature.  The  solution  is  filtered  to  re-  35 
move  a  trace  ef  residue  The  solution  is  placed  in  a 
precipitating  appiaratus  as  shown  in  FIG.  1  and  pumped 
to  a  mixing  appiaratus  as  depicted  in  FIG.  2.  Isopropyl 
alcohol  is  used  as  nonsolvenL  The  product  is  precipi¬ 
tated  o9rr  a  period  of  several  mir  tues  utittg  a  lohxfou  *0 
flow  rate  of  115  milliliters  per  minute  and  a  nonsolvent 
flow  rate  of  1180  milliliters  per  minute.  The  mixing 
chamber  gap  is  0.030  inches.  The  precipitate  is  recov¬ 
ered  and  dried  in  a  manner  identical  with  Example  I. 

Four  hundred  seventeen  grams  of  a  fluffy  white  pxjw-  45 
der  is  recovered  (yield  83%).  The  powder  has  a  heat  of 
reaction  of  1348  calories  pier  gram.  A  physical  blend  of 
the  starting  materials  with  identical  stoichiometry  has  a 
heat  of  reaction  of  1220  calories  pier  gTam.  The  infrared 
spicctnim  of  the  pure  starting  material,  bis-tetrame-  50 
thylammonium  decahydrodecaborate  (—2),  shows  a 
single  broad  pieak  at  2470  cm-1. 

By  contrast,  the  infrared  spectrum  of  the  recovered 
product  in  the  vicinity  of  2500  cm-*  shows  a  sharp 
major  peak  coprecipitated  at  2475  cm-1,  a  prominent  55 
blue-shifted  pieak  at  2530  cm-1,  and  two  major  red 
shifted  peaks  it  2410  and  2435  cm-1.  The  additional 
picaks  and  shift  indicate  that  the  decahydrodecaborate 
(  —  2)  ion  is  in  a  different  crystallographic  environment 
than  in  the  pure  salt,  i.e.,  the  constituents  have  been  60 
chemically  rearranged  during  the  precipitation  process. 

EXAMPLE  V 

Three  hundred  seventy-eight  grams  of  bis-tetrame- 
thylammonium  decahydrodecaborate  ( — 2)  and  2144  65 
grams  of  potassium  nitrate  are  dissolved  in  13  liters 
deionized  wxter  at  ambient  temperature.  The  solution  is 
filtered  to  remewe  *  ito  J  inoWk  residue.  Hit 


solution  is  placed  into  a  precipitating  system  as  shown! 
in  FIG.  1  and  pumped  to  a  mixing  apparatus  as  shown- 
in  FIG.  4.  The  solution  spray  nozzle  is  a  Sprayco  |  GG 
1.5  (Spray  Engineering  Co.,  Burlington,  Mass.).  Isopro-  r. 
panol  is  used  as  a  nonsolvent,  and  is  pumpied  into  the» 
chamber  through  a  Sprayco  i  GG  3030  nozzle.  The  j 
flow  rates  are  controlled  by  the  pressures  applied  to  the  j 
solution  and  r  ^nsolveTit  tanks,  25  and  26  PSIG  respite- ! 
tively.  A  flow  rate  of  10:1  isopropanol-to-solution  is ' 
achieved  with  these  pressures.  Product  is  precipitated  in  - 
5  runs  with  approximately  one  minute  pier  increment 
required.  * 

The  resulting  product  is  filtered,  washed  and  dried  in 
a  manner  identical  with  Example  II.  2522  grams  of 
white,  fluffy  piowder  is  recovered  (yield  86%).  The  1 
product  has  a  heat  of  reaction  of  1339  calories  pier  gram  ; 
and  a  crystal  density  of  1.85  grams  pier  cubic  centimeter.  I 
A  physical  blend  with  identical  stoichiometry  has  a  heat  , 
of  reaction  of  1220  calories  pier  gram  and  a  calculated  j. 
crystal  density  of  1.93  grams  per  cubic  centimeter. 

EXAMPLE  VI 

22.5  grams  bis-guanidinium  decahydrodecaborate  ti 
(  —  2)  spiecified  at  class  (g)  of  the  preceding  list  of  cati-  i; 
ons,  and  127.5  grams  guanidine  nitrate  are  dissolved  in  . 
1500  milliliters  methanol  at  60'  Centigrade.  The  solu¬ 
tion  is  filtered  to  remove  a  trace  of  residue.  The  solution  , 
is  placed  in  a  precipitating  apparatus  as  shown  in  FIG. 

1  and  pumpied  to  a  mixing  apparatus  as  depicted  in  FIG.  ij 
2.  Butyl  acetate  is  used  as  nonsolvent.  The  product  is  II 
precipitated  over  a  pieriod  of  several  minutes  using  a  I 
solution  flow  rate  of  216  milliliters  per  minute  and  a 
nonsolvent  flow  rate  of  1 142  milliliters  pier  minute.  The  ; 
mixing  chamber  gap  is  0.030  inches.  The  precipitate  is  i 
recovered  and  dried  in  a  manner  identical  with  Exam-  > 
pie  I. 

A  fluffy  white  piowder  is  recovered.  The  piowder  has 
a  heat  of  reaction  of  849  calories  pier  gram  and  a  crystal  j 

density  cf  !.45\  biuiui  per  cuiie «eatitu*tef.  A  phyricol  J 

blend  of  the  starting  materials  with  identical  stoichiom-  '• 
etry  has  a  heat  of  reaction  of  900  calories  pier  gram  and  \ 
a  calculated  crystal  density  of  1.02  grams  pier  cubic  j 
centimeter. 

EXAMPLE  VII  j 

Thirty  grams  bis-dimethylammonium  decahy-  , 
drodecaborate  (—2),  representative  of  class  (c)  of  the  i 
preceding  list  of  cations,  and  120  grams  potassium  ni-  1 
trate  are  dissolved  in  500  milliliters  deionized  water  at  . 
ambient  temperature.  The  solution  is  filtered  to  remove  ; 
a  trace  of  residue.  The  solution  is  placed  in  a  precipitat-  j 
ing  apparatus  as  shown  in  FIG.  1  and  pumpied  to  a  ■ 
mixing  apparatus  as  depicted  in  HO.  2.  lsoprupanui  i» 
used  as  nonsolvent.  The  product  is  precipitated  over  a 
pieriod  of  several  minutes  using  a  solution  flow  rate  of 
116  milliliters  per  minute  and  a  nonsolvent  flow  rate  of  | 
1218  milliliters  pier  minute.  The  mixing  chamber  gap  is  ■ 
0.030  inches.  The  precipitate  is  recovered  and  dried  in  a  j 
manner  identical  with  Example  I.  1 

A  fluffy  white  piowder  b  recovered.  The  piowder  has  i 
a  heat  of  reaction  of  141 1  calories  pier  gram  and  a  crystal 
density  of  1.72  grams  per  cubic  centimeter.  A  physical 
blend  of  the  starting  materials  with  identical  stoichiom¬ 
etry  has  a  heat  of  reaction  of  1325  calories  per  gram  and  \ 
a  calculated  crystal  density  of  1.98  grams  pier  cubic  j 
fitirHiiiei#, 
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EXAMPLE  VIII 

37.5  grams  bis-ammonium  decahydrodecaborate 
(—2),  representative  of  class  (a)  of  the  preceding  list  of 
cations,  and  112.5  grams  ammonium  nitrate  are  dis-  5 
solved  in  1500  milliliters  methanol  at  ambient  tempera¬ 
ture.  The  solution  is  filtered  to  remove  a  trace  of  resi¬ 
due.  The  solution  is  placed  in  a  precipitating  apparatus 
as  shown  in  FIG.  1  and  pumped  to  a  mixing  apparatus 
as  depicted  in  FIG.  2.  Butyl  acetate  is  used  as  nonsol-  10 
vent.  The  product  is  precipitated  over  a  period  of  sev¬ 
eral  minutes  using  a  solution  flow  rate  of  216  milliliters 
per  minute  and  a  nonsolvent  flow  rate  of  1 142  milliliters 
per  minute.  The  mixing  chamber  gap  is  0.030  inches. 
The  precipitate  is  recovered  and  dried  in  a  manner 
identical  with  Example  I. 

A  fluffy  white  powder  is  recovered.  The  powder  has 
a  heat  of  reaction  of  1826  calories  per  gram  and  a  crystal 
density  of  1.53  grams  per  cubic  centimeter.  A  physical 
blend  of  the  starting  materials  with  identical  stoichiom¬ 
etry  has  a  heat  of  reaction  of  1775  calories  per  gram  and 
a  calculated  crystal  density  of  1.55  grams  per  cubic 
centimeter. 

EXAMPLE  IX 

The  powders  from  Examples  V  and  VII  are  incorpo¬ 
rated  into  sheathed  cord  as  described  in  Example  III. 

The  deflagration  rates  as  a  function  of  material  distribu¬ 
tion  in  the  cord  is  shown  in  Table  I.  The  data  illustrates 
the  range  of  pyrotechnic  burning  rate  performance  that 
can  be  achieved  by  the  subject  compositions. 

TABLE  I 


COMPOSITION 

CORE  LOAD 
(GRAINS/KT) 

LINEAR  BURNING  RATE 
(IN/SEC) 

Eumple  VI 

1.3 

7, M0 

6.1 

1,400 

10.5 

10,330 

13.3 

11,130 

24.8 

11,130 

Eiamplc  VI 1 

1.7 

10,600 

12.0 

14,240 

19.6 

11,540 

EXAMPLE  X 
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Comparable  data  for  black  powder  of  classification 
FFFG  granular  size,  is  shown  in  Table  II  for  compari¬ 
son  purposes. 

TABLE  II 


Composition 

Ignition 

Time 

(MMi- 

aecoodi) 

Burning 

Time 

(Milli- 

leconds) 

Pe*lc  Pressure 
Pounds  Per  Squire 
Inch  Giugc) 

25%  C.3B10H10 
coprecipiorted 

0.75 

0.75 

712 

with  75%  KNO, 

15%  ((CHj)4N)j 
B|oH|Q 

1.2 

0.8 

1.100 

coprecipittted  with 
85%  KNOj 

FFFG  B  licit 

Powder 

u 

4 

600 

The  processes,  and  the  resulting  specific  composi¬ 
tions,  disclosed  herein  in  which  an  exclusive  property 
or  privilege  is  claimed  are  to  be  defined,  as  follows 

We  claim: 

1.  A  process  for  preparing  a  coprecipitated  composi¬ 
tion  of  a  solid  oxidizing  agent  and  certain  simple 
decahydrodeca borate  salts,  having  the  common  anion 
BioHio-2  wherein  the  cation  is  selected  from  the  gToup 
consisting  of: 

A.  ammonium,  wherein  the  salt  has  the  formula 
(NH4>2  BioHio; 

B.  hydrazinium,  wherein  the  salt  has  the  formula 
(NH2NH3)  B10HI0; 

C.  substituted  ammonium  cations,  wherein  the  salt 
has  the  general  formula  (RjNHht  BioHjo,  wherein 
further  R  is  selected  from  the  group  consisting  of 
hydrogen  and  alkyl  radicals  containing  less  than  six 
carbon  atoms; 

D.  substituted  hydrazinium  cations,  wherein  the  salt 
has  the  general  formula  (R2NNR2H)2  B|oH|o 
wherein  further  R  is  selected  from  the  group  con¬ 
sisting  of  hydrogen  and  alkyl  radicals  containing 
less  than  six  carbon  atoms,  comprising  the  steps  of 
i.  dissolving  both  the  decahydrodecaborate  (—2) 

salt  and  the  oxidizing  agent  in  a  mutually  soluble 
solvent,  at  a  temperature  sufficiently  high  to 
maintain  said  salt  and  said  oxidizing  agent  in 
solution; 


The  speed  of  ignition  is  determined  by  loading  ap¬ 
proximately  100  milligrams  of  the  subject  compositions 
into  a  closed  pressure  cartridge  similar  to  that  shown  in 
FIG.  5,  and  firing  the  pressure  cartridge  in  a  5cc  closed 
bomb.  The  pressure  in  the  bomb  is  measured  by  a  fast 
response  transducer  and  recorded  as  a  function  of  time. 
The  pressure  cartridge  consists  of  an  exploding  bridge- 
wire  mounted  in  a  suitable  cartridge  case.  The  bridge- 
wire  is  primed  with  5mg  of  an  initiating  pyrotechnic 
powder.  The  subject  composition  is  loaded  into  the 
cartridge  over  the  priming  load,  and  the  cartridge 
closed  with  a  crimped  aluminum  cap.  The  ignition  time 
of  the  compositions  is  taken  as  the  time  between  the 
application  of  current  to  the  bridgewire  to  first  detect¬ 
able  increase  in  the  pressure.  The  burning  time  is  taken 
as  the  time  elapsed  between  the  first  detectable  increase 
Li  the  pressure  to  the  peak  pressure.  Examples  of  the 
aubject  compositions  tested  in  this  manner  are  given  in 
Table  II. 

The  data  demonstrates  the  very  fast  function  times 
attainable  in  devices  incorporating  the  subject  composi¬ 
tions,  which  makes  the  compositions  useful  as  gun  igni¬ 
tors  and  in  pressure  cartridges  and  squibs. 


ii.  forming  a  pressurized  stream  of  said  solution  and 
bringing  said  solution  stream  together  with  a 
pressurized  stream  of  a  miscible  nonsolvent, 
under  conditions  of  extreme  turbulence  within  a 
mixing  chamber,  to  effect  a  substantially  com¬ 
plete  coprecipitation; 

iii.  recovering  the  coprecipitated  product  by  filter¬ 
ing  the  effluent  from  said  mixing  chamber,  and 
washing  said  product  with  an  inert  and  nonsol¬ 
vent  fluid; 

iv.  drying  the  product  to  remove  all  remaining 
liquid. 

2.  A  process  for  preparing  a  coprecipitated  composi¬ 
tion  of  a  solid  oxidizing  agent  and  certain  simple 
decahydrodecaborate  salts,  having  the  common  anion 
Blotto-2,  and  the  cation  selected  from  the  group  con¬ 
sisting  of: 

A.  tetramethylammonium,  (CH3)4N+ ,  tetraethylam- 
monium,  (CH3  CH^N-I-,  and  quaternary  ammo¬ 
nium  cations  having  the  general  formula  R4N  + 
where  R  is  an  alkyl  radical; 

B.  pyrididinium,  bipyridinium  aryl-diazonium,  aryl 
containing  cations  and  substituted  aryl  containing 
cations,  comprising  the  steps  of: 
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i  dissolving  both  the  decahydrodecaborate  (—2) 
salt  and  the  oxidizing  agent  in  a  mutually  soluble 
solvent,  at  a  temperature  sufficiently  high  to 
maintain  said  salt  and  said  oxidizing  agent  in 
solution;  -  5 

ii.  forming  a  pressurized  stream  of  said  solution  and 
bringing  said  solution  stream  together  with  a 
prrssurized  stream  of  a  miscible  nonsolvent, 
under  conditions  of  extreme  turbulence  within  a 
mixing  chamber,  to  effect  a  substantially  com-  10 
plete  coprecipitation; 

iii.  recovering  the  coprecipitated  product  by  filter¬ 

ing  the  effluent  from  said  mixing  chamber,  and 
washing  said  product  with  an  inert  and  nonsol¬ 
vent  fluid;  15 

iv.  drying  the  product  to  remove  all  remaining 
liquid. 

3.  A  process  for  preparing  a  coprecipitated  composi¬ 
tion  of  a  solid  oxidizing  agent  and  a  simple  decahy- 
drodecaborate  salt,  having  the  anion  B|oH|o-2,  20 
wherein  the  cation  is  guanidinium,  and  the  salt  has  the 
formula  (C  (NH^h  B10H10,  comprising  the  steps  of: 

i.  dissolving  both  the  decahydrodecaborate  (—2)  salt 
and  the  oxidizing  agent  in  a  mutually  soluble  sol¬ 
vent,  at  a  temperature  sufficiently  high  to  maintain  25 
said  salt  and  said  oxidizing  agent  in  solution; 

ii.  forming  a  pressurized  stream  of  said  solution  and 
bringing  said  solution  stream  together  with  a  pres¬ 
surized  stream  of  a  miscible  nonsolvent,  under 
conditions  of  extreme  turbulence  within  a  mixing  30 
chamber,  to  effect  a  substantially  complete  copre¬ 
cipitation; 

iii.  recovering  the  coprecipitated  product  by  filtering 
the  effluent  from  said  mixing  chamber,  and  wash¬ 
ing  said  product  with  an  inert  and  nonsolvcnt  fluid;  35 

iv.  drying  the  product  to  remove  all  remaining  liquid. 

4.  A  process  for  preparing  a  coprecipitated  composi¬ 
tion  of  a  solid  oxidizing  agent  and  a  simple  metallic 
decahydrodecaborate  salt,  having  the  common  anion 
BjoHio-2,  wherein  the  cation  is  selected  from  the  group  40 
consisting  of: 

A.  metal  ions  derived  from  the  elements-in  Groups  1, 

2,  8,  3b,  4b,  5b,  6b,  7b,  and  the  elements  of  Groups 
3a,  4a,  5a,  and  6a  which  have  atomic  numbers  re¬ 
spectively  greater  than  5,  14,  33  and  52,  comprising  45 
the  steps  of: 

i.  dissolving  both  the  decahydrodecaborate  (  —  2) 
salt  and  the  oxidizing  agent  in  a  mutually  soluble 
solvent,  at  a  temperature  sufficiently  high  to 
maintain  said  salt  and  said  oxidizing  agent  in  50 
solution; 

ii.  forming  a  pressurized  stream  of  said  solution  and 
bringing  said  solution  stream  together  with  a 
pressurized  stream  of  a  miscible  nonsolvent, 
under  conditions  of  extreme  turbulence  within  a  55 
mixing  chamber,  to  effect  a  substantially  com¬ 
plete  coprecipitation; 

iii.  recovering  the  coprecipitated  product  by  filter¬ 
ing  the  effluent  from  said  mixing  chamber,  and 
washing  said  product  with  an  inert  and  nonsol-  60 
vent  fluid; 

iv.  drying  the  product  to  remove  all  remaining 
liquid. 

5.  A  process  for  preparing  a  coprecipitated  composi¬ 
tion  of  a  solid  oxidizing  agent  and  a  simple  metallic  65 
decahydrodecaborate  salt,  having  the  common  anion 
B|oH  io-2>  wherein  the  metallic  salt  is  selected  from  the 
group  consisting  of  cesium  decahydrodecaborate, 
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Cs2B1&H,o  and  potassium  decahydrodecaborate, 
K2B10H10,  comprising  the  steps  of: 

i.  dissolving  both  the  decahydrodecaborate  (—2)  salt 
and  the  oxidizing  agent  in  a  mutually  soluble  sol¬ 
vent,  at  a  temperature  sufficiently  high  to  maintain 
said  salt  and  said  oxidizing  agent  in  solution; 

ii.  forming  a  pressurized  stream  of  said  solution  and 
bringing  said  solution  stream  together  with  a  pres¬ 
surized  stream  of  a  miscible  nonsolvent,  under 
conditions  of  extreme  turbulence  within  a  mixing 
chamber,  to  effect  a  substantially  complete  copre¬ 
cipitation; 

iii.  recovering  the  coprecipitated  product  by  filtering 
the  effluent  from  said  mixing  chamber,  and  wash¬ 
ing  said  product  with  an  inert  and  nonsolvent  fluid; 

iv.  drying  the  product  to  remove  all  remaining  liquid. 

6.  A  process  according  to  claim  1  wherein  the  simple 
decahydrodecaborate  salt  selected  is  bis-ammonium 
decahydrodecaborate,  and  said  solid  oxidizer  is  selected 
from  the  group  consting  of  ammonium  nitrate,  potas¬ 
sium  nitrate,  potassium  perchlorate,  ammonium  per¬ 
chlorate,  guanidine  nitrate,  triaminoguanidine  nitrate, 
potassium  permanganate,  sodium  chromate,  barium 
nitrate,  barium  chromate,  barium  mangar.ate,  sodium 
dichromate,  tetramethylammonium  nitrate  and  cesium 
nitrate. 

7.  The  coprecipitation  product  of  bis-ammonium 
decahydrodecaborate  and  a  solid  oxidizer,  according  to 
the  process  of  claim  6. 

8.  A  process  according  to  claim  2  wherein  the  simple 
decahydrodecaborate  salt  selected  is  bis-tetamethylam- 
monium  decahydrodecaborate,  and  said  solid  oxidizer  is 
selected  from  the  group  consisting  of  ammonium  ni¬ 
trate,  potassium  nitrate,  potassium  perchlorate,  ammo¬ 
nium  perchlorate,  guanidine  nitrate,  triaminoguanidine 
nitrate,  potassium  permanganate,  sodium  chromate, 
barium  nitrate,  barium  chromate,  barium  manganate, 
sodium  dichromate,  tetramethylammonium  nitrate  and 
cesium  nitrate. 

9.  The  coprecipitation  product  of  bis-tetramethylam- 
monium  decahydrodecaborate  and  a  solid  oxidizer, 
according  to  the  process  of  claim  8. 

10.  A  process  according  to  claim  3  where  said  solid 
oxidizer  is  selected  from  the  group  consisting  of  ammo¬ 
nium  nitrate,  potassium  nitrate,  potassium  perchlorate, 
ammonium  perchlorate,  guanidine  nitrate, 
triaminoguanidine  nitrate,  potassium  permanganate, 
sodium  chromate,  barium  nitrate,  barium  chromate, 
barium  manganate,  sodium  dichromate,  tetramethylam¬ 
monium  nitrate  and  cesium  nitrate. 

11.  The  coprecipitation  product  of  bis-guanidinium 
decahydrodecaborate  and  a  solid  oxidizer,  according  to 
the  process  of  claim  10. 

12.  A  process  according  to  claim  5  wherein  the  sim¬ 
ple  metallic  decahydrodecaborate  salt  selected  is  ce¬ 
sium  decahydrodecaborate  and  said  solid  oxidizer  is 
selected  from  the  group  consisting  of  ammonium  ni¬ 
trate,  potassium  nitrate,  potassium  perchlorate,  ammo¬ 
nium  perchlorate,  guanidine  nitrate,  triaminoguanidine 
nitrate,  potassium  permanganate,  sodium  chromate, 
barium  nitrate,  barium  chromate,  barium  manganate, 
sodium  dichromate,  tetramethylammonium  nitrate  and 
cesium  nitrate. 

13.  The  coprecipitation  product  of  cesium  decahy¬ 
drodecaborate  and  a  solid  oxidizer,  according  to  the 
process  of  claim  12. 
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14  A  process  according  to  claim  6  wherein  said  oxi¬ 
dizer  ii  ammonium  nitrite,  laid  solvent  is  methanol  and 
said  noniolvent  itream  is  butyl  acetate. 

13.  The  coprecipitation  product  of  bis-ammoniiim  J 
decahydrodecaborite  and  ammonium  nitrate,  accord¬ 
ing  to  the  process  of  claim  14. 

16.  A  process  according  to  claim  8  wherein  said  oxi¬ 
dizer  is  potassium  nitrate,  said  solvent  it  water  and  said  io 
nonsolvent  stream  is  isopropanol. 

17.  The  coprecipitation  product  of  bis-tetrome- 

thylommonium  decahydrodecaborite  and  potassium 
nitrite,  according  to  the  process  of  claim  16.  U 

18.  A  process  according  to  claim  10  wherein  said 
oxidizer  is  guanidine  nitrate,  said  solvent  is  methanol, 
and  said  nonsolvent  stream  is  butyl  acetate. 

19.  The  coprecipitation  product  of  bis-guanidinium  ^ 
decahydrodecaborite  and  guanidine  nitrate,  according 

to  (he  process  of  claim  18. 

25 
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20.  A  process  according  to  claim  12  wherein  said 
oxidizer  is  potassium  nitrate,  said  solvent  is  water,  and 
said  nonsolvent  stream  is  acetone. 

21.  The  coprecipitation  product  of  cesium  decahy- 
drodecaborate  and  potassium  nitrate,  according  to  the 
process  of  claim  20. 

22.  A  process  according  to  claim  1,  wherein  said  step 
of  washing  with  an  inert  and  nonsolvent  fluid  comprises 
washing  with  butyl  acetate. 

23.  A  process  according  to  claim  2,  wherein  said  step 
of  washing  with  an  inert  and  nonsolvent  fluid  comprises 
washing  with  butyl  acetate. 

24.  A  process  according  to  claim  3,  wherein  said  step 
of  washing  with  an  inert  and  nonsolvent  fluid  comprises 
washing  with  butyl  acetate. 

25.  A  process  according  to  claim  4,  wherein  said  step 
of  washing  with  an  inert  and  nonsolvent  fluid  comprises 
washing  with  butyl  acetate. 

26.  A  process  according  to  claim  5,  wherein  said  step 
of  washing  with  an  inert  and  nonsolvent  fluid  comprises 
washing  with  butyl  acetate. 
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[57]  ABSTRACT 

A  class  of  high  burning  propellants,  useful  as  gun  or 
rocket  propellants,  gas  generators  or  specialized  appli¬ 
cation  where  a  very  high  burning  rate  is  required,  char¬ 
acterized  by  replacing  the  normally  found  oxidizer  used 
in  various  propellants  with  certain  coprecipitated  salts 
of  decahydrodecaboric  acid  and  certain  oxidizing 
agents.  The  resultant  propellants  employ  such  a  copre¬ 
cipitate  as  the  major  faction  of  the  solids  loading,  and 
optionally  may  further  include  certain  simple  decahy- 
drodecaborate  salts  for  further  enhancement  of  the 
burning  rates  in  the  thusly  formulated  and  composed 
propellants. 
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HIGH  BURNING  RATE  PROPELLANTS  WITH 
COPRECIPITATED  SALTS  OF 
DECAHYDRODECABORIC  ACID 

CROSS-REFERENCES  TO  RELATED 
APPLICATIONS 

This  application  is  a  continuation-in-part  of  our  co¬ 
pying  application  COPRECIPITATED  PYRO¬ 
TECHNIC  COMPOSITION  PROCESSES  AND  RE¬ 
SULTANT  PRODUCTS,  Ser.  No.  694,626,  filed  June 
10,  1976,  which  in  turn  is  a  continuation-in-part  of  the 
application  entitled  HIGH  BURN  PROPELLANT 
COMPOSITIONS,  Serial  No.  585,216,  filed  June  6, 
1975.  and  now  abandoned. 

This  application  is  also  a  related  case  to  our  copend¬ 
ing  applications  COMPOSITE  PROPELLANTS  IN¬ 
CORPORATING  BURNING  RATE  ENHANC¬ 
ERS,  Ser.  No.  696.323,  filed  June  15,  1976,  and  AC¬ 
TIVE  BINDER  PROPELLANTS  INCORPORAT¬ 
ING  BURNING  RATE  CATALYSTS,  Ser.  No. 
696,324,  filed  June  15,  1976. 


enhance  burning  rate  when  used  with  certain  “active,” 
that  is,  oxygen  or  fluorine  containing  binders,  is  also 
unique. 

The  two  classes  of  decahydrodecaborate  compounds 
5  as  defined  as  follows: 

Class  1 

The  simple  decahydrodecaborate  salts  used  accord- 
,0  tog  t0  first  class  of  bum  rate  enhancers  within  the 
present  invention  are  compounds  of  the  general  chemi¬ 
cal  formula: 

^  where  M  is  a  cation  or  complex  cation  incorporating 
hydrogen,  nitrogen,  carbon,  or  metals,  or  some  combi¬ 
nation  thereof,  and  is  chosen  from  the  list  given  below; 
x  is  the  number  of  M  ions;  and  y  is  equal  to: 

20 

x  limes  the  valence  of  lhe  M  ion 
2 


BACKGROUND  AND  SUMMARY  OF  THE 
INVENTION 
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The  present  invention  describes  a  class  of  propellants 
useful  as  gun  or  rocket  propellants,  gas  generators,  or 
specialized  applications  where  a  very  high  burning  rate 
required.  The  key  ingredient  of  the  propellant  compo¬ 
sitions  is  a  coprecipitate  of  selected  metallic  and  nonme-  jq 
tallic  salts  of  decahydrodecaboric  acid,  in  combination 
with  certain  oxidizing  agents.  The  method  of  preparing 
the  coprecipitates  results  in  chemical  substances  in 
which  there  is  intercrystalline  mixing  of  the  substitu¬ 
ents,  in  a  chemical  state  not  obtainable  by  physical  „ 
blending. 

The  forementioned  coprecipitates  replace  the  oxi¬ 
dizer  normally  found  in  typical  compositions  such  as 
composite  propellants,  and  are  responsible  for  the  high 
burning  rates.  Other  simple  decahydrodecaborate  salts 
of  selected  types,  and  either  soluble  or  insoluble  in  the 
propellant  resins  or  extending  solvents,  may  optionally 
be  additionally  used  to  further  enhance  the  burning  rate. 

The  subject  propellants  have  the  general  formula  as 
follows: 

45 
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Polymeric  binder  iy.lem 

Curing,  polymerizing,  or  cross-linking 

•  genu 

Pl»sticiung  jgenu 

Decihydrodeciborite  compounds  Class  (1) 
Dec»hydrodecibor»te  compounds  Class  (2) 
Energetic  fuels,  such  as,  bul  nol  limited 
to.  finely  divided  aluminum 
Ostduer  or  mulure  of  oxidizers  lo 
supplement  (5) 

Other  men  ingredients,  such  as 
coloranu,  stabilizers. 


Probable  Range, 
%  by  WL 

805 

(WO 

0-25 

0-25 

35-90 

0-10 

0-15 

0-10 


50 


55 


The  ingredients,  selected  from  items  (3)  through  (8) 
in  the  above  list,  are  combined  in  a  suitable  manner  with  60 
a  binder  system  selected  from  items  (1)  and  (2)  to  form 
a  nonporous  propellant  with  desired  physical  proper¬ 
ties.  ITte  key  ingredient  which  distinguishes  the  subject 
propellants  from  other  state-of-the-art  propellants  is  the 
use  of  decahydrodecaborate  compounds  (item  5)  of  65 
class  (2),  as  further  defined  and  described  hereinafter. 
The  optional  and  additional  use  of  decahydrodecabo¬ 
rate  compounds  of  class  (1),  as  defined  hereinafter,  to 


The  compounds  may  further  be  defined  as  salts  of 
decahydrodecaboric  acid,  and  thus  contain  as  a  com¬ 
mon  ion  the  decahydrodecaborate  (-2)  anion 
BloH]o“2- 

TTte  cation  M  is  chosen  from  the  classes: 

(a)  ammonium,  NH4+,  wherein  the  salt  has  the  for¬ 
mula  (NH4)2BI0HI0,  and  is  described  by  KNOTH  U.S 
Pat.  No.  3,148,938. 

(b)  hydrazinium,  NH2NH3+,  wherein  the  salt  has  the 
formula  (NH2NH3)2B10H]o,  and  is  described  by 
KNOTH  U.S.  Pat.  No.  3,148,938, 

(c)  substituted  ammonium  cations,  wherein  the  salt 
has  the  general  formula  (R3NH)2B,oHio,  where  R  can 
be  hydrogen  (H)  or  an  alkyl  radical  (preferred  radicals 
contain  less  than  six  (6)  carbon  atoms).  The  R’s  in  the 
preceding  formula  may  represent  different  alkyl  groups. 
Compounds  with  two  or  three  hydrogen  radicals  are 
described  by  KNOTH  U.S.  Pat.  No.  3,149,163.  Typical 
cations  are  mthylammonium  (CH3)NH3't,  dimethylam- 
monium  (CH3)2NH2+,  trimethylammonium 
(CH3)3NH+,  and  triethylammonium  (CH3CH2)3NH+. 

(d)  substituted  hydrazinium  cations,  wherein  the  salt 
has  the  general  formula  (R2NNR2H)2BI0HI0,  where  R 
can  be  hydrogen  (H)  or  an  alkyl  radical  (preferred  radi¬ 
cals  contain  less  than  six  (6)  carbon  atoms),  and  the 
substituted  alkyl  groups  can  be  symmetric  or  assymmet- 
ric  with  respect  to  the  N-N  linkage.  Symmetric  sub¬ 
stituted  cations  are  described  by  KNOTH  U.S.  Pat. 
No.  3, 149,163.  An  example  of  an  unsymmetric  substi¬ 
tuted  cation  is  (1,1)  dimethylhydrazinium.  The  R's  in 
the  preceding  formula  may  be  mixed  alkyl  radicals. 

(e)  quaternary  ammonium  salts  of  the  general  formula 

loH  to,  where  R  is  an  alkyl  radical;  the  R,s  in  the 
preceding  formula  may  represent  mixed  alkyl  groups. 
Examples  of  typical  cations  are  tetramethylammonium 
(CH3)4N+  and  tetraethylammonium  (CH3CH2)4N+. 

(f)  aryl  containing  cations,  such  a  pyrididinium, 
bipyridinium,  or  substituted  avyl  cations,  such  as  aryl- 
diazonium  cations. 

(g)  guanidinium  ion,  C(NHJ3+,  wherein  the  salt  has 
the  formula  (CXNHz^^BioHjq,  and  is  described  in  the 
copending  application  of  common  assignment,  entitled 
BIS-GUANIDINIUM  DECAHYDRODECABO¬ 
RATE  AND  A  PROCESS  FOR  ITS  PREPARA- 
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TION,  filed  June  10,  1976.  and  assigned  Ser.  No 
604.627. 

(h)  mclal  ions,  derived  from  metals  defined  by  a  Peri¬ 
odic  Table  such  as  that  in  the  "Handbook  of  Chemistry 
and  Physics",  54th  Edition,  inside  front  cover,  by  the  5 
elements  in  Groups  I.  2,  8,  36.  46,  56,  66  and  76.  and  the 
elements  nfG'oups  3u,  4-j,  5c  a;  id  6c  with  atomic  num¬ 
bers  greater  than  5.  14,  33,  and  52  respectively.  The 
metal  decahydrodecaborate  salts  are  further  described 
by  KNOTH  U.S.  Pal.  No.  3,148,939.  Examples  of  such  10 
metals  salts  are  CsiBk>H|o  and  K2B10H10,  the  cesium 
and  potassium  salts  of  decahydrodecaboric  acid,  which 
arc  representative  of  alkaline  metal  decahydrodecabo¬ 
rate  salts,  having  atomic  numbers  less  than  87,  preferred 
for  the  compositions  described  in  this  invention.  15 

The  salts  of  the  decahydrodecaborate  (—2)  ion 
(Chemical  formula  B it>H to- 2)  are  conveniently  pre¬ 
pared  by  stoichiometncally  reacting  an  aqueous  solu¬ 
tion  of  the  parent  acid,  dihydrogen  decahydrodecabo¬ 
rate,  H-BioHiq.  with  (1)  a  soluble  hydroxide  of  the  20 
desired  cation,  such  as  ammonium  hydroxide,  (2)  the 
conjugate  Bronsted  base  of  the  desired  cation,  such  as  a 
free  amine,  or  (3)  a  soluble  salt  of  the  desired  cation, 
such  that  the  salt  anion  is  destroyed  during  the  reaction, 
such  as  guanidine  carbonate.  A  Bronsted  base  is  any  25 
substance  capable  of  accepting  a  proton  in  a  reaction; 
the  definition  is  elaborated  upon  in  any  elementary 
chemistry  text,  such  as  Dickerson,  Gray  and  Haight, 
"Chemical  Principles,  2nd  Edition,"  1974,  page  135. 

The  aqueous  solutions  of  the  salts,  prepared  above,  30 
may  be  evaporated  to  dryness  to  recover  the  crystalline 
salt.  Alternatively,  some  salts  may  be  precipitated  from 
the  aqueous  solution  by  a  nonsolvent  that  is  miscible 
with  water.  The  salts  may  be  purified  by  recrystalliza¬ 
tion.  35 

The  aqueous  decahydrodecaboric  acid  used  as  a  start¬ 
ing  material  for  the  process  of  this  invention  is  conve¬ 
niently  prepared  by  passing  an  amine  or  metal  salt  of  the 
decahydrodecaborate  (  —  2)  ion  through  a  column  con¬ 
taining  a  strongly  acidic  ion  exchange  resin  of  the  sul-  40 
fomc  acid  type,  such  as  a  DUOLITE  type  "C-20”,  acid 
form  by  the  Diamond  Shamrock  Corporation.  Pre¬ 
ferred  starting  salts  are  bis(triethylammonium)  decahy¬ 
drodecaborate  (-2)  and  disodium  decahydrodecabo¬ 
rate  (—2).  The  preparation  and  properties  of  the  aque-  4j 
ous  acid,  and  additional  preparative  methods  for  metal¬ 
lic  salts,  are  described  in  more  detail  in  U.S.  Pat.  No. 
3,148,939. 
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An  intimate  blend  of  the  compounds  described  in 
Class  (I)  above,  with  an  oxidizing  agent,  in  a  manner 
that  a  chemically  and  physically  different  product  is 
obtained  than  the  starting  materials. 

The  process  by  which  the  compositions  of  this  class  55 
are  prepared  produces  a  very  intimate  blend  of  decahy¬ 
drodecaborate  ( -  2)  ion  with  the  oxidizer  and  makes  the 
compositions  so  prepared  chemically  and  physically 
unique  from  physical  blends  of  decahydrodecaborate 
(  —  2)  salts  with  oxidizer  or  pyrotechnic  compositions  60 
incorporating  decahydrodecaborate  (—2)  salts  pro¬ 
duced  by  other  means.  In  general,  the  process  consists 
of  dissolving,  in  a  suitable  solvent,  a  decahydrodecabo¬ 
rate  (-2)  salt,  as  described  above,  and  also  dissolving, 
in  the  same  solution,  an  oxidizing  agent,  as  described  65 
above.  The  subject  composition  is  recovered  by  precipi¬ 
tating  the  composite  *, gradients  of  the  solution  with  a 
suitable  nonsolvent.  The  resulting  solid,  after  filtration 


and  drying,  comprises  an  intimate  mixture  of  the 
decahydrodecaborate  (-2)  anion  with  the  oxidizing 
cation  or  substance,  in  a  form  that  is  chemically  and 
physically  different  than  the  starting  materials. 

The  process  may  be  properly  called  a  “cocrystalliza¬ 
tion”  or  "coprecipitation”  and  the  resulting  product  a 
"coctystaSVdte"  or  “eopi  eGpitate" . 

An  essentia]  component  of  Class  (2)  compounds  is  an 
oxidizing  agent;  i.e.,  a  materia]  that  will  readily  react  or 
burn  when  mixed  with  the  decahydrodecaborate  (-2) 
salt.  Any  solid  oxidizing  agent  which  will  yield  oxygen 
upon  decomposition  will  fulfill  this  role;  solid  oxygen 
containing  metal  or  nonmetal  salts  are  preferred  be¬ 
cause  of  their  availability,  stability,  and  ease  of  incorpo¬ 
ration  into  the  composition. 

In  general,  solid  oxidizing  agents  include  ammonium, 
substituted  ammonium,  guanidine,  substituted  guani¬ 
dine,  alkali  and  alkaline-earth  salts  of  oxygen  containing 
acids  such  as  nitric,  perchloric,  permanganic,  manganic, 
chromic,  and  dichromic  acids.  Preferred  species  for  this 
invention,  which  gave  good  thermal  stability  and  low 
hygroscopicity  include  ammonium  nitrate,  potassium 
nitrate,  potassium  perchlorate,  ammonium  perchlorate, 
guanidine  nitrate,  triaminoguanidine  nitrate,  potassium 
permanganate,  sodium  chromate,  barium  nitrate,  bar¬ 
ium  chromate,  barium  manganate,  sodium  dichromate, 
tetramethylammonium  nitrate  and  cesium  nitrate.  Other 
solid  oxidizing  agents  which  could  be  used  if  the  appro¬ 
priate  solvent/nonsolvent  system  were  used  include 
ammonium,  substituted  ammonium,  guanidine,  substi¬ 
tuted  guanidine,  alkali  and  alkaline-earth  salts  of  other 
oxygen-containing  acids  such  as  chloric,  persulfuric, 
thiosulfuric,  periodic,  iodic  and  bromic  acids.  Other 
stable  oxides  include  lead  thiocyanate,  the  oxides  and 
peroxides  of  the  light  and  heavy  metals  and  nonmetals, 
such  as  barium  peroxide,  lead  peroxide  (P0O2),  lithium 
peroxide,  ferric  oxide,  red  lead  (Pb304),  cupric  oxide, 
tellurium  dioxide,  antimonic  oxide,  etc.,  and  nonionic 
substances  such  as  nitrocellulose,  nitroguanidine,  and 
cyclotetramethylenetetranitramine  (HMX).  Mixtures  of 
the  aforementioned  oxidizing  agents  also  can  be  used. 

These  unique  coprecipitated  Class  2  salts,  containing 
the  B)oH]0-J  anion,  and  the  process  for  their  creation, 
are  themselves  further  disclosed  in  our  copending  pa¬ 
tent  application  entitled  COPRECIPITATED  PYRO¬ 
TECHNIC  COMPOSITION  PROCESSES  AND  RE¬ 
SULTANT  PRODUCTS,  filed  June  10,  1976,  assigned 
Ser.  No.  694,626,  which  is  incorporated  herein  by  refer¬ 
ence. 

The  compositions  of  this  invention  make  use  of  the 
unique  decomposition  properties  of  the  decahy¬ 
drodecaborate  (—2)  ion,  a  bicapped  square  antiprism 
polyhedral  ion  with  unusual  stability;  the  ion  is  believed 
to  be  kinetically  rather  than  thermodynamically  stabi¬ 
lized.  The  ion  demonstrates  an  unusually  fast  decompo¬ 
sition  upon  oxidation,  which  is  believed  to  proceed 
through  the  labile  apical  hydrogen  atoms  bonded  to  the 
cage.  When  incorporated  into  a  composition  such  as  a 
propellant,  the  decahydrodecaborate  (—2)  ion  acts  in 
such  a  manner  as  to  control  the  overall  burning  rate  of 
the  propellant,  so  that  the  overall  composition  exhibits 
an  accelerated,  and  in  some  cases,  a  stabilized  burning 
rate. 

The  propellant  binder  system  may  be  of  a  polymeric 
type  which  requires  a  post  formulation  cure,  such  as 
polyester,  polybutadiene  system,  or  alternatively,  may 
be  a  polymer,  such  as  nitroceuuiose,  wmch  requires  no 
additional  crosslinking  to  give  the  desired  properties. 


t*  •» 


4,138,282 


I 

I 

I 

1 

I 

I 

I 

I 

I 


5 

Polymeric  binder  systems  requiring  a  cure  may  be  based 
on,  but  are  not  limited  to,  resins  of  the  following  types: 

polyester,  polyacrylate,  epoxy,  polysulfide,  polyure¬ 
thane,  the  copolymer  of  butadiene  and  acrylic  acid 
(PBAA),  the  terpolymer  of  butadiene,  acrylic  acid,  and  5 
acrylonitrile  (PBAN),  carboxy-terminated  polybutadi¬ 
ene  (CTPB),  hydroxy-terminated  polybutadiene 
(HTPB). 

Nitrocellulose  binder  does  not  require  a  post  formula¬ 
tion  cure.  Nitrocellulose  of  nitrogen  content  between  10 
12.5  and  13,3%  nitrogen  content  is  preferred.  The  nitro¬ 
cellulose  binder  system  is  an  example  of  an  “active 
binder”,  that  is,  one  which  is  self-combusting  and  con¬ 
tributes  per  se  to  the  overall  performance. 

As  used  herein,  a  nitrocellulose  tinder  would  bo  used  15 
in  such  relatively  low  percentages,  e.g.,  8%  to  less  than 
35%,  as  noted  above,  that  it  would  not  constitute  a 
“single  base”  propellant.  Unlike  our  copending  Ser.  No. 
696,324,  ACTIVE  BINDER  PROPELLANTS  IN¬ 
CORPORATING  BURNING  RATE  CATALYSTS,  20 
noted  hereinbefore,  the  present  invention  substantially 
replaces  the  normally  found  oxidizer  component  in  a 
propellant  withe  the  coprecipitate  of  an  oxidizer  and  a 
decahydrodecaborate  salt.  Hence,  the  present  invention 
is  distinguished  in  that  the  coprecipitation  of  a  decahy-  25 
drodecaborate  salt  with  an  oxidizer  becomes  substan¬ 
tially  all  the  oxidizer  necessary  in  the  subject  propel¬ 
lants. 

As  used  hereinabove,  the  well  known  term  “cure” 
includes  a  chemical  reaction  wherein  monomers  are  30 
either  cross-linked  or  end-linked.  Of  course,  nitrocellu¬ 
lose  is  a  natural  polymer  that  does  not  require  any  type 
of  cure. 

Binders  incorporating  fluorine  are  also  preferred 
species  for  the  subject  invention.  Examples  of  suitable  35 
resins  are  the  copolymer  of  hexafluoropropylene  and 
vinylidene  fluoride,  and  the  copolymer  of  chlorotrifluo- 
roethylene  and  vinylidene.  The  former  copolymer  is  an 
example  of  a  fluorine  containing  binder  which  may  be 
used  with  or  without  a  curing  agent;  a  suitable  curing  40 
system  consists  of  5  to  10  parts-by- weight  zinc  oxide,  5 
to  10  parts-by-weight  dibasic  lead  phosphate,  and  1.5  to 
3.0  parts-by-weight  benzoyl  peroxide  or  3  parts-by- 
weight  polyamine  such  as  hexamethylenediamine  to  100 
parts-by-weight  copolymer  resin.  ■  ■  .  45 

Other  ingredients  useful,  but  not  essential,  in  the  sub¬ 
ject  invention,  include  fuels,  such  as  finely  divided  alu¬ 
minum,  to  enhance  the  flame  temperature  of  the  burn¬ 
ing  propellant,  additional  oxidizer,  such  as  ammonium 
or  potassium  perchlorate,  to  achieve  more  complete  50 
combustion  of  the  binder;  plasticizers,  such  as  difunc¬ 
tional  or  trifunctional  epoxy  resins  (uncured)  and  or¬ 
ganic  esters,  which  modify  the  resulting  physical  prop¬ 
erties  of  the  propellant;  and  other  additives  such  as 
colorants,  stabilizers,  etc.  All  of  the  forementioned  in-  55 
gredients  and  their  usage  are  practiced  and  known  to 
those  experienced  in  the  art. 

The  method  of  manufacture  and  subsequent  process¬ 
ing  of  the  propellant  to  the  desired  configuration,  is 
dependent  upon  the  specific  formulation  and  configura-  60 
tion  desired  for  an  intended  usage.  In  general,  the  for¬ 
mulations  of  this  invention  may  be  cast,  extruded,  or 
pressed,  depending  on  the  end-of-mix  (before  curing,  if 
any)  properties. 

Representative  formulations  according  to  the  princi-  65 
pies  of  the  present  invention  are  detailed,  as  follows: 

Example  I  illustrates  the  invention  with  a  propellant 
Wrulir  that  is  representative  of  “comj  <>site"  propellants. 
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as  known  in  the  art  and  also  defined  in  our  copending 
application  COMPOSITE  PROPELLANTS  INCOR¬ 
PORATING  BURNING  RATE  ENHANCERS,  Ser. 
No.  696,323,  filed  June  15,  1976.  Example  I  further 
illustrates  a  coprecipitation  compound  which  is  repre¬ 
sentative  of  the  coprecipitation  of  a  class  (1)  metallic 
salt  of  decahydrodecaborate  acid  with  an  oxidizer.  The 
copteeipitate  of  cesium  decahydrodecaborate  with  po- 
tassiuip  nitrate  is  intended  to  be  representative  of  most 
class  (2)  metallic  salt  coprecipitations  with  appropriate 
and  conventional  oxidizers. 

EXAMPLE  I 

33.8  grams  of  a  hydroxy-terminated  polybutadiene 
polymer  resin  (R45M,  Area  Chemical  Co..  Lakewood, 
CA),  20.0  grams  of  isodecyl  pelargonate  (Emery  291 1, 
Emergy  Industries,  Inc.,  Cincinatti,  Ohio)  and  25.0 
grams  powdered  aluminum  are  charged  into  a  Baker 
Perkins  1  pint  sigma  blade  mixer,  and  degassed  under 
vacuum  at  190'  F.  for  1  hour.  The  temperature  is  re¬ 
duced  to  140’  F.  182.5  grams  of  the  coprecipitate  of  25 
parts-by-weight  cesium  decahydrodecaborate  and  75 
parts-by-weight  potassium  nitrate  is  added  to  the  mixer 
in  5  increments;  mixing  under  vacuum  is  continued  for 
a  minimum  of  10  minutes  after  each  addition.  2.87  grams 
of  the  curing  agent  toluene  dissocyanate  is  added  and 
mixing  continued  for  10  minutes. 

A  tough  rubbery  nonporous  material  is  obtained  after 
a  24  hour  ambient  cure.  Burning  rate  strands  J  inch 
square  and  1£  inches  long  are  cut  from  slabs  of  the 
propellant. 

The  cured  strands  are  inhibited  with  a  single  layer  of 
carboxy-terminated  polybutadiene  rubber,  and  cured  at 
190'  F.  for  24  hours  minimum.  A  second  layer  of  35% 
Shell  Epon  828  epoxy  resin  and  65%  polyamine  curing 
agent  is  added  over  the  CTPB  inhibitor,  and  cured  for 
a  minimum  of  2  hours  at  190'  F. 

The  cured  and  inhibited  strands  are  tested  as  follows: 
The  bum  rate  strands  are  trimmed  to  a  length  of  ap¬ 
proximately  1$  inches.  A  nichrome  ignition  wire  is 
inserted  through  a  1/16  inch  hole  drilled  k  inch  from 
one  end  of  the  strand. 

Two  lacquer-coated  solder  breakwires  are  inserted 
through  1/16  inch  holes  spaced  1  inch  apart  and  i  inch 
from  the  ignition  wire;  the  breakwires  are  potted  into 
place  with  nitrocellulose  cement.  The  strand  with  at¬ 
tached  wires  is  securely  fastened  with  phenolic  tie¬ 
downs  to  a  phenolic  plate,  and  electrical  connections  to 
the  wires  made.  The  phenolic  plate  is  mounted  in  a 
pressure  bomb;  electrical  connections  are  made  through 
a  feedthrough  mounted  in  the  bomb  flange.  For  testing, 
a  sealed  bomb  is  first  pressurized  to  1000,  and  then 
another  test  is  made  at  2000  psi.  A  28V  pulse  applied  to 
the  ignition  wire  ignites  the  strand.  Time  between  suc¬ 
cessive  breakwire  breaks  is  recorded,  as  well  as  pressure 
rise  in  the  bomb  as  a  function  of  time.  The  reciprocal  of 
the  time  between  successive  wire  breaks  is  the  bum  rate 
in  inches  per  second.  The  average  of  the  bum  rates  over 
the  manifold  of  data  points  for  several  strands  of  the 
propellant  is  taken  as  the  bum  rate  for  the  propellant. 

When  tested  in  the  above  manner,  the  propellant 
exhibits  a  linear  burning  rate  of  12.1  ±  0.7  inches  per 
second  at  1000  psi  and  16.3  ±  1.9  inches  per  second  at 
2000  psi. 

The  next  example,  Example  II,  illustrates  the  perfor¬ 
mance  of  the  same  representative  class  (2)  metallic  co¬ 
precipitate,  cesium  decahydrodecaborate  with  potas¬ 
sium  nitrate,  with  a  nitrocellulose  binder.  The  nitrocel- 
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lulose  binder  typifies  an  "active"  binder,  and  the  effects 
of  varying  the  relative  weights  of  an  active  binder  and 
a  representative  coprecipitate  is  illustrated. 

EXAMPLE  II 

Propellants  incorporating  coprecipitated  cesium 
decahydrodecaborate  and  potassium  nitrate  in  a  nitro¬ 
cellulose  binder  are  prepared  according  to  Table  I,  in 
nominal  100-200  gram  batch  sizes,  as  follows: 

TABLE  I 
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applied  to  the  ignition  wire  ignited  the  strand.  Time 
between  successive  breakwire  breaks  is  recorded,  as 
well  as  pressure  rise  in  the  bomb  as  a  function  of  time. 
The  reciprocal  of  the  time  between  successive  wire 
5  breaks  is  the  bum  rate  in  inches  per  second.  The  aver¬ 
age  of  these  bum  rates  (2  data  points  per  strand)  over 
the  manifold  of  data  points  for  all  strands  of  a  particular 
propellant  is  taken  as  the  bum  rate  for  that  propellant. 
The  burning  rates  obtained  are  as  follows: 
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By  Weighl 

Ingredient 

Propellanl 

2 

Propellanl 

3 

Propellanl 

Nil rocel lulose  (12.6%  N) 

17.0 

12. S 

13.0 

Dinitrotoluene 

12.0 

14.5 

6.5 

Acetyl  lributyl  cilrale 

10.0 

8.6 

5.5 

Coprccipitale  of  cesium 
decahydrodecaborate  and 
potassium  nitrate,  25/75 
ratio,  parts-by  weighl 

61.0 

64.1 

75.0 

Linear  Burning  Rale 
Inches  per  Second 


1000  psi 


2000  psi 


15 


Propellanl  2 
Propellinl  3 
Propellant  4 


2.7 

3.2 

3.9 


5.1 

7.3 


Nitrocellulose,  of  nitrogen  content  12.6%,  and  corre¬ 
sponding  to  that  material  specified  as  MIL-N-244A, 
Grade  A  Type  I,  is  dissolved  in  reagent  grade  acetone, 
in  the  approximate  ratio  of  1  part  nitrocellulose  to  5 
parts  acetone  using  a  magnetic  stirrer  and  teflon  spin 
bar.  The  dinitrotoluene  and  acetyl  tributyl  citrate  are  25 
added  to  the  nitrocellulose/acetone  solution  and  mixing 
continued  until  the  ingredients  are  completely  mixed,  10 
minutes  being  an  adequate  period. 

The  resulting  solution  is  charged  into  a  Baker  Perkins 
1  pint  sigma  blade  mixer  at  60’'.  C.  The  coprecipitate  of  20 
cesium  decahydrodecaborate  and  potassium  nitrate  is 
added  in  three  equal  increments,  with  a  minimum  of  10 
minute  mixing  between  additions.  Mixing  is  continued 
until  a  uniform  slurry  of  mixed  ingredients  is  obtained. 
Vacuum  is  applied  (28  inches  mercury  minimum)  to  the  35 
Ctkxcr  ukI  mixing  ojnHnlsed  muudSy  Lit  *ev««d  hows, 
until  the  material  has  a  tough,  rubbery  consistency. 

Burning  rate  strands  are  prepared  from  the  warm 
propellant  by  placing  into  a  small  extruder  and  extrud¬ 
ing  a  J  inch  strand  with  the  help  of  an  air  operated  press.  40 
The  material  can  also  be  rolled  into  thin  sheets,  or 
pressed  into  a  variety  of  grain  configurations. 

The  |  inch  O.D.  strands  are  dried  for  two  days  mini¬ 
mum  in  an  oven  at  60‘  C.  to  remove  residual  acetone. 

A  sample  of  the  propellants  are  subjected  to  an  im¬ 
pact  or  “drop”  test  consisting  of  dropping  a  2  kg  weight 
from  a  calibrated  height  onto  a  small  (20  milligram) 
sample  of  propellant  placed  on  a  grit  base.  The  propel¬ 
lant  cannot  be  ignited  in  10  trials  when  the  weight  is 
released  from  a  height  of  10  cm,  which  is  indicative  that 
the  propellant  is  relatively  insensitive  and  quite  safe  to 
handle. 

The  dried  burning  rate  strands  are  coated  with  a 
single  layer  of  flexible  epoxy,  simply  to  inhibit  surface 
burning.  The  inhibited  bum  rate  strands  are  cut  to  a  55 
length  of  approximately  3$  inches.  A  nichrome  ignition 
wire  is  inserted  through  a  1/16  inch  hole  drilled  $  inch 
from  one  end  of  the  strand.  Three  lacquer-coated  solder 
breakwires  are  inserted  through  1/16  inch  holes  spaced 
at  1  inch  intervals  from  the  ignition  wire;  the  breakwires  60 
are  potted  into  place  with  a  nitrocellulose  base  cement 
such  as  Duco  brand.  The  strand  with  attached  wires  is 
securely  fastened  with  phenolic  tiedowns  to  a  phenolic 
plate,  and  electrical  connections  to  the  wires  made. 

The  phenolic  plate  is  mounted  in  a  pressure  bomb;  65 
electrical  connections  are  made  through  a  feedthrough 
mounted  in  the  bomb  flange.  The  sealed  bomb  is  first 
pressurized  to  1000,  and  tnen  to  2000  psi.  A  28V  pulse 


The  data  indicate  the  control  that  can  be  achieved  by 
varying  the  concentration  of  the  decahydrodecaborate 
coprecipitate.  The  pressure  exponent  of  the  propellant 
is  approximately  0.9. 

The  next  example,  Example  III,  illustrates  the  same 
representative  active  binder  of  nitrocellulose,  of  a 
12.6%  nitrogen  content,  with  a  representative  class  2 
metallic  coprecipitate,  as  in  Example  II  and  also  with  a 
representative  class  2  nonmetallic  salt  of  decahy¬ 
drodecaborate  acid  which  has  been  coprecipitated  with 
at  oxidizer  FtupcUaat  6  employs  ttttan.evbylamma 
nium  decahydrodecaborate  and  typifies  the  results  ex¬ 
pectable  when  a  simple  nonmetallic  salt,  from  class  1,  as 
above-defined,  is  coprecipitated  with  potassium  nitrate, 
or  any  equivalent  oxidizer  material. 

EXAMPLE  III 

FrupeWamn  incorporating  cupredphated  d*^ah>- 
drodecaborates  and  potassium  nitrate,  an  acetone  solu¬ 
ble  simple  decahydrodecaborate  salt,  and  a  nitrocellu¬ 
lose  binder,  are  prepared  according  to  Table  11,  in  nomi¬ 
nal  lOOg  batches,  as  follows: 

TABLE  II 


Ingredients 


%  by  weight 


Propellant  5  Propellant  6 


45  nitrocellulose  (12.6%  N) 

17.0 

17.0 

dinitrotoluene 

12.0 

12.0 

scetyl  tributyl  citrate 

10.0 

10.0 

potassium  decahydrodecaborate 

16.0 

16.0 

coprecipitate  of  cesium 
decahydrodecaborate  and 
potassium  nitrate,  25/75 
*)U  ratio,  parts-by-weight 

coprecipitate  of  tctramethyl- 
ammonium  decahydrodecaborate 
and  potassium  nitrate,  15/85 
ratio,  parts-by-weight. 

45.0 

45.0 

The  nitrocellulose,  of  nitrogen  content  12.6%N,  and 
corresponding  to  that  material  specified  by  MIL-N- 
244A,  Grade  A  Type  I,  is  dissolved  in  reagent  grade 
acetone,  in  the  approximate  ratio  10  parts-by-weight 
acetone  to  1  part  nitrocellulose  in  a  Waring  blender 
operated  at  moderate  speed.  The  potassium  decahy¬ 
drodecaborate  salt  is  dried  in  vacuum  for  a  minimum  of 
24  hours  at  100‘  C.  and  dissolved  in  acetone  in  the  ap¬ 
proximate  ratio  5  parts  acetone  to  1  part  salt.  The  salt- 
/acetone  solution,  dinitrotoluene,  and  acetyl  tributyl 
citrate,  are  added  to  the  blender  and  mixed  for  a  mini¬ 
mum  of  5  minutes,  until  a  uniform  fluid  is  oii+ihul  The 
decahydrodecaborate  coprecipitate  is  added  to  the 
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blender  in  3  increments,  with  blending  of  5  minutes 
between  additions,  until  a  uniform  slurry  is  obtained, 

The  resulting  slurry  is  charged  into  a  Baker  Perkins  1 
pint  sigma  blade  miner  at  60’  C.  Vacuum  is  applied,  and  < 

mining  started,  to  remove  the  acetone  carrier.  Mixing  is  3  ] 

continued,  usually  for  a  period  cf  4-S  htnirs,  until  a  j 
tough,  rubbery  dough  is  obtained. 

Burning  rate  strands  are  prepared  from  the  warm 
propellant  by  placing  into  a  small  extruder  and  extrud- 
ing  a  J  inch  strand  with  the  help  of  an  air  operated  press. 

The  material  can  also  be  rolled  into  thin  sheets,  or 
pressed  into  a  variety  of  grain  configurations. 

The  1  inch  O.D.  strands  are  dried  for  two  days  mini¬ 
mum  in  an  oven  at  60*  C.  to  remove  residual  acetone.  J5 
A  sample  of  the  propellants  are  subjected  to  an  im¬ 
pact  or  “drop"  test  consisting  of  dropping  a  2  kg  weight 
from  a  calibrated  height  onto  a  small  (20  milligram) 
sample  of  propellant  placed  on  a  grit  base.  The  propel¬ 
lant  cannot  be  ignited  in  10  trials  when  the  weight  is  jq 
released  from  a  height  of  7  cm,  which  is  indicative  that 
the  propellant  is  relatively  insensitive  and  quite  safe  to 
handle. 

The  dried  burning  rate  strands  are  coated  with  a 
single  layer  of  flexible  epoxy  to  inhibit  surface  burning.  25 
The  inhibited  bum  rate  strands  are  cut  to  a  length  of 
approximately  3J  inches.  A  nichrome  ignition  wire  is 
inserted  through  a  1/16  inch  hole  drilled  J  inch  from 
one  end  of  the  strand.  Three  lacquer-coated  solder 
break  wires  are  inserted  through  1/16  inch  holes  spaced  30 
at  1  inch  intervals  from  the  ignition  wire;  the  breakwires 
are  potted  into  place  with  a  nitrocellulose  base  cement. 
The  strand  with  attached  wires  is  securely  fastened  with 
phenolic  tiedowns  to  a  phenolic  plate,  and  electrical 
connections  to  the  wires  made.  The  pnenolic  plate  is  35 
mounted  in  a  pressure  bomb;  electrical  connections  are 
made  through  a  feedthrough  mounted  in  the  bomb 
flange.  The  sealed  bomb  is  pressurized,  first  to  1000,  and 
then  to  2000  psi.  A  28V  pulse  applied  to  the  ignition 
wire  ignites  the  strand.  Time  between  successive  break-  40 
wire  breaks  is  recorded,  as  well  as  pressure  rise  in  the 
bomb  as  a  function  of  time.  The  reciprocal  of  the  time 
between  successive  wire  •  breaks  is  the  bum  rate  in 
inches  per  second.  The  average  of  these  bum  rates  (2 
data  points  per  strand)  over  the  manifold  of  data  points 
for  all  strands  of  a  particular  propellant  is  taken  as  the 
bum  rate  for  that  propellant. 

The  burning  rates  obtained  are  as  follows: 


EXAMPLE  IV 


A  propellant  incorporating  a  coprecipitated  decahy- 
drodecaborate  compound  with  oxidizer,  a  soluble  sim¬ 
ple  decahydrodecaborate  salt,  and  a  fluorine  containing 
polymeric  binder  is  prepared  according  to  Table.  III. 
The  fluorine  containing  polymer  is  an  example  of  a  high 
energy  binder,  which  contributes  substantially  to  the 
speed  $.nd  output  of  the  overall  reaction.  No  curing 
agent  is  used  in  this  particular  example,  but  a  curing 
system  utilizing  a  peroxide  or  amine  cure,  and  compris¬ 
ing  approximately  5%  by  weight  of  the  total  propellant 
weight,  could  be  used  to  improve  the  physical  proper¬ 
ties  of  the  propellant. 

The  copolymer  of  hexafluoropropylene  and  vinyldi- 
ene  fluoride  is  dissolved  in  reagent  grade  acetone,  in  the 
approximate  ratio  5  parts-by-weight  acetone  to  1  part- 
by-weight  copolymer  in  a  Waring  blender.  The  potas¬ 
sium  decahydrodecaborate  salt  is  dried  in  vacuuo  for  a 
minimum  of  24  hours  at  100“  C.,  and  dissolved  in  ace¬ 
tone  in  the  approximate  ratio  5  parts  acetone  to  1  part 
salt.  The  salt/acetone  solution  is  added  to  the  blender 
and  mixed  for  several  minutes  until  a  homogenous  mix 
is  obtained.  The  decahydrodecaborate  coprecipitate  is 
added  to  the  blender  in  3  increments,  with  blending  of  5 
minutes  between  additions,  until  a  uniform  slurry  is 
obtained. 


TABLE  III 


Ingredient  _ 

Copolymer  or  hejnfluoropropylene  and 
vinyldiene  fluoride  (1) 

Coprecipitate  of  cesium  decahydro¬ 
decaborate  and  potassium  nitrate, 

25/75  parts-by-weight 
Potassium  decahydrodecaborate 


%  By  Weight 
Propellant  7 
25Xi  “ 


(1)  “Fluorcl"  Brand  Ebntomer  FC-2175  (3M  Company,  St.  Paul.  Minn.) 


Propellant  5 
Propellant  6 


Linear  Burning  Rate 
Inches  Per  Second 
1000  psi  2000  psi 

10.3  15.9 

5.9  — 


The  data  illustrates  the  burning  rate  enhancement 
that  can  be  achieved  by  the  addition  of  a  soluble 
decahydrodecaborate  salt  to  the  propellant.  Propellant 
5  exhibits  a  pressure  exponent  of  0.6.  60 

The  following  example,  Example  IV,  illustrates  the 
performance  level  of  an  active  binder  propellant  ac¬ 
cording  to  the  present  invention,  together  with  an  op¬ 
tional,  additional  ingredient  for  bum  rate  enhancement. 
The  optional  use  of  certain  simple  salts  of  d_ca5.y  f ; 
drodecaboric  acid,  defined  earlier  herein  as  class  (1) 
compounds,  has  been  found  useful  with  active  binders 
in  formulations  as  taught  herein. 


The  resulting  slurry  is  charged  into  a  Baker  Perkins  1 
pint  sigma  blade  mixer  at  60"  C.  Vacuum  is  applied,  and 
mixing  started,  to  remove  the  acetone  carrier.  Mixing  is 
continued,  usually  for  a  period  of  4-8  hours,  until  a 
tough,  rubbery  dough  is  obtained. 

Burning  rate  strands  are  prepared  from  the  warm 
propellant  by  placing  into  a  small  extruder  and  extrud¬ 
ing  a  J  inch  strand  with  the  help  of  an  air  operated  press. 
The  material  can  also  be  rolled  into  thin  sheets,  or 
pressed  into  a  variety  of  grain  configurations. 

The  i  inch  O.D.  strands  are  dried  for  two  days  mini¬ 
mum  is  an  oven  at  60’  C.  to  remove  residual  acetone. 

Tne  dried  burning  rate  strands  are  coated  with  a 
single  layer  of  flexible  epoxy  to  inhibit  surface  burning. 
The  inhibited  bum  rate  strands  are  cut  to  a  length  of 
approximately  3J  inches.  A  nichrome  ignition  wire  is 
inserted  through  a  1/16  inch  hole  drilled  J  inch  from 
one  end  of  the  strand.  Three  lacquer-coated  solder 
breakwirr-,  are  inserted  through  1/16  inch  holes  spaced 
at  1  inch  intervals  from  the  ignition  wire;  the  breakwires 
are  potted  into  place  with  a  nitrocellulose  base  cement 
The  strand  with  attached  wires  is  securely  fastened  with 
phenolic  tiedowns  to  a  phenolic  plate,  and  electrical 
connections  to  the  wires  made.  The  phenolic  plate  is 
mounted  in  a  pressure  bomb;  electrical  connections  are 
made  through  a  feedthrough  mounted  in  the  bomb 
flange.  1  lie  setied  bomb  u  prenur'ji  J  U  1000  ,*i.  A 
28V  pulse  applied  to  the  ignition  wire  ignites  the  strand 
Time  between  successive  breakwire  breaks  is  recorded, 
as  well  as  pressure  rise  in  the  bomb  as  a  function  of  time. 
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The  reciprocal  of  the  time  between  successive  wire 
breaks  is  the  burn  rate  in  inches  per  second.  The  aver- 
age  of  these  bum  rates  (2  data  points  per  strand)  over 
the  manifold  of  data  points  for  all  strands  of  a  particular 
propellant  is  taken  as  the  bum  rate  for  that  propellant.  5 
When  tested  in  the  above  manner,  propellant  7  gives 
a  burning  rate  of  16.7  inches  per  second  at  1000  psi. 

Though  representative  examples  have  been  given  to 
illustrate  our  invention,  the  scope  of  our  invention  is  to 
be  defined  by  the  appended  claims.  10 

We  claim. 

1.  A  propellant  composition  wherein  substantially  all 
the  oxidizer  is  physically  intertwined  by  a  coprecipita¬ 
tion  with  certain  simple  decahydrodecaborate  salts, 
comprising,  by  weight: 

(A)  a  polymeric  binder  system,  in  the  range  8-35  per¬ 
cent; 

(D)  curing  agents,  in  the  range  0-10  percent; 

(C)  plasticizing  agents,  in  the  range  0-25  percent;  2Q 

(D)  the  resultant  product,  in  the  range  35-90  percent,  of 

a  process  wherein  a  solid  oxidizing  agent  is  coprecipi- 
tated  with  certain  simple  decahydrodecaborate  salts, 
having  the  common  anion  BjoHio-2,  wherein  the 
cation  is  selected  from  the  group  consisting  of:  25 

(a)  ammonium,  wherein  the  salt  has  the  formula 
(NH^BioHio; 

(b)  hydraxinium,  wherein  the  salt  has  the  formula 
(NH:NHj)B,oH,o; 

(c)  substiiuted  ammonium  cations,  wherein  the  salt  3Q 
has  the  general  formula  (RjNH^BioHjo,  wherein 
further  R  is  selected  from  the  group  consisting  of 
hydrogen  and  alkyl  radicals  containing  less  than  six 
carbon  atoms; 

(d)  substituted  hydrazinium  cations,  wherein  the  salt  35 

has  the  general  formula  (RjNNRjH^BioHio 
wherein  further  R  is  selected  from  the  group  con¬ 
sisting  of  hydrogen  and  alkyl  radicals  ccntaitur.g 
less  than  six  carbon  atoms,  wherein  said  process 
comprises  the  steps  of:  40 

(i)  dissolving  both  the  decahydrodecaborate  (—2) 

salt  and  the  oxidizing  agent  in  a  mutually  soluble 
solvent,  at  s.  temperature  sufficiently  high  to 
maintain  said  salt  and  said  oxidizing  agent  in 
solution;  45 

(ii)  forming  a  pressurized  stream  of  said  solution 
and  bringing  said  solution  stream  together  with  a 
pressurized  stream  of  a  miscible  nonsolvent, 
under  conditions  of  extreme  turbulence  within  a 
mixing  chamber,  to  effect  a  substantially  com-  50 
plete  coprecipitation; 

(iii)  recovering  the  coprecipitated  product  by  fil¬ 

tering  the  effluent  from  said  mixing  chamber, 
and  washing  said  product  with  an  inert  and  non¬ 
solvent  fluid;  _  _  55 

(iv)  drying  the  product  to  remove  all  remaining 
liquid. 

2.  A  propellant  composition  wherein  substantially  all 
the  oxidizer  is  physically  intertwined  by  a  coprecipita¬ 
tion  with  certain  simple  decahydrodecaborate  salts,  60 
comprising,  by  weight: 

(A)  a  polymeric  binder  system,  in  the  range  8-35  per¬ 
cent; 

(B)  curing  agents,  in  the  range  0-10  percent; 

(C)  plasticizing  agents,  in  the  range  0-25  percent;  65 

(D)  the  resultant  product,  in  the  range  35-90  percent,  of 
a  process  wherein  a  solid  oxidizing  agent  is  coprecipi¬ 
tated  with  certain  simple  decahydrodecaborate  salts, 


JL  mm 

having  the  common  anion  B]oH|o-2.  wherein  the 
cation  is  selected  from  the  group  consisting  of: 

(a)  tetramethylammonium,  (CH3)4N  +  ,  tetraethylam- 
monium,  (CH3CH2)4  N+,  and  quaternary  ammo¬ 
nium  cations  having  the  general  formula  R4N  + 
where  R  is  an  alkyl  radical; 

(b)  pyrididinium,  bipyridinium  aryl-diazonium,  aryl 
containing  cations  and  substituted  aryl  containing 

'  cations,- wherein  said  process  comprises  the  steps 
of: 

(i)  dissolving  both  the  decahydrodecaborate  (—2) 
salt  and  the  oxidizing  agent  in  a  mutually  soluble 
solvent,  at  a  temperature  sufficiently  high  to 
maintain  said  salt  and  said  oxidizing  agent  in 
solution; 

(ii)  forming  a  pressurized  stream  of  said  solution 
and  bringing  said  solution  stream  together  with  a 
pressurized  stream  of  a  miscible  nonsolvent, 
under  conditions  of  extreme  turbulence  within  a 
mixing  chamber,  to  effect  a  substantially  com¬ 
plete  coprecipitation; 

(iii)  recovering  the  coprecipitated  product  by  fil¬ 
tering  the  effluent  from  said  mixing  chamber, 
and  washing  said  product  with  an  inert  and  non¬ 
solvent  fluid; 

(iv)  drying  the  product  to  remove  all  remaining 
liquid. 

3.  A  propellant  composition  wherein  substantially  all 
the  oxidizer  is  physically  intertwined  by  a  coprecipita¬ 
tion  with  certain  simple  decahydrodecaborate  salts, 
comprising,  by  weight: 

(A)  a  polymeric  binder  system,  in  the  range  8-35  per¬ 
cent; 

(B)  curing  agents,  in  the  range  0-10  percent; 

(C)  plasticizing  agents,  in  the  range  0-25  percent; 

(D)  the  resultant  product,  in  the  range  35-90  percent,  of 
a  coprecipitation  of  a  solid  oxidizing  agent  with  a 
simple  dac&hydtodecabotH*  salt,  having  the  ankn 
BioH10~2,  wherein  the  cation  is  guanidinium,  and  the 
salt  has  the  formula  (C  (NH^^BioHio,  comprising 
the  steps  of: 

(i)  dissolving  both  the  decahydrodecaborate  (-2)  salt 
and  the  oxidizing  agent  in  a  mutually  soluble  sol¬ 
vent,  at  a  temperature  sufficiently  high  to  maintain 
said  salt  and  said  oxidizing  agent  in  solution; 

(ii)  forming  a  pressurized  stream  of  said  solution  and 
bringing  said  solution  stream  together  with  a  pres¬ 
surized  stream  of  a  miscible  nonsolvent,  under 
conditions  of  extreme  turbulence  within  a  mixing 
chamber,  to  effect  a  substantially  complete  copre¬ 
cipitation; 

(iii)  recovering  the  coprecipitated  product  by  filter¬ 
ing  the  effluent  from  said  mixing  chamber,  and 
washing  said  product  with  an  inert  and  nonsolvent 
fluid; 

(iv)  drying  the  product  to  remove  all  remaining  liq¬ 
uid. 

4.  A  propellant  composition  wherein  substantially  all 
the  oxidizer  is  physically  intertwined  by  a  coprecipita- 
l  tion  with  certain  Simple  decahyihodccaborata  salts, 
comprising,  by  weight: 

(A)  a  polymeric  binder  system,  in  the  range  fc-35  per¬ 
cent; 

(B)  curing  agents,  in  the  range  0-10  percent; 

5  (C)  plasticizing  agents,  in  the  range  0-25  percent; 

(D)  the  resultant  product,  in  the  range  35-90  percent,  of 
a  process  wherein  a  solid  oxidizing  agent  is  coprecipi¬ 
tated  with  certain  simple  decahydrodecaborate  salts. 
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having  the  common  anion  BioHio-2.  wherein  the 
cation  is  selected  from  the  group  consisting  of  metal 
ions  derived  from  the  elements  in  Groups  1,  2,  8,  3 b, 
4 b,  5b,  6b,  7 b,  and  the  elements  of  Groups  3a,  4 a,  5a, 
and  6a  which  have  atomic  numbers  respectively 
greater  than  5,  14,  33  and  52,  wherein  said  process 
comprises  the  steps  of: 

(i)  dissolving  both  the  decahydrodecaborate  (--2)  salt 
and  the  oxidizing  agent  in  a  mutually  soluble  sol¬ 
vent,  at  a  temperature  sufficiently  high  to  maintain 
said  salt  and  said  oxidizing  agent  in  solution; 

(ii)  forming  a  pressurized  stream  of  said  solution  and 
bringing  said  solution  stream  together  with  a  pres¬ 
surized  stream  of  a  miscible  nonsolvent,  under 
conditions  of  extreme  turbulence  within  a  mixing 
chamber,  to  effect  a  substantially  complete  copre¬ 
cipitation; 

fiii)  recovering  the  coprecipitated  {  roduct  by  filter¬ 
ing  the  effluent  from  said  mixing  chamber,  and 
washing  said  product  with  an  inert  and  nonsolvent 
fluid; 

(tv)  drying  the  pf  jdirot  to  rem  v?t  all  fcmsireiig  5+^ 
uid. 

5.  A  propellant  composition  wherein  substantially  all 
the  oxidizer  is  physically  intertwined  by  a  coprecipita- 
tion  with  certain  simple  decahydrodecaborate  salts, 
comprising,  by  weight: 

(A)  a  polymeric  binder  system,  in  the  range  8-35  per¬ 
cent; 

(B)  curing  agents,  in  the  range  0-10  percent; 

(C)  plasticizing  agents,  in  the  range  0-25  percent; 

(D)  the  resultant  product,  in  the  range  35-90  percent,  of 
a  piOCvSa  wllcicm  tt  solid  oxidizing  agcllt  iS  CoproCip. 
tated  with  certain  metallic  salts,  selected  from  the 
group  consisting  of  cesium  decahydrodecaborate, 
GbBVjHrj,  and  potassium  decahydrodecaborate, 
K^BkjHio,  wherein  said  process  comprises  the  steps 
of: 

(i)  dissolving  both  the  decahydrodecaborate  (—2)  salt 
and  the  oxidizing  agent  in  a  mutually  soluble  sol¬ 
vent,  at  a  temperature  sufficiently  high  to  maintain 
said  salt  and  said  oxidizing  agent  in  solution; 

(ii)  forming  a  pressurized  stream  of  said  solution  and 
bringing  said  solution  stream  together  with  a  pres¬ 
surized  stream  of  a  miscible  nonsolvent,  under 
conditions  of  extreme  turbulence  within  a  mixing 
chamber,  to  effect  a  substantially  complete  copre¬ 
cipitation; 

(iii)  recovering  the  coprecipitated  product  by  filter¬ 
ing  the  effluent  from  said  mixing  chamber,  and 
washing  said  product  with  an  inert  and  nonsolvent 
fluid; 

(iv)  drying  the  product  to  remove  ah  remaining  liq¬ 
uid. 

6.  A  propellant  composition  according  to  claim  1 
wl  crein  said  resultant  rnprerij-itation  i  rocess  product 
further  comprises  said  solid  oxidizer  being  selected 
from  the  group  consisting  of  ammonium  nitrate,  potas¬ 
sium  nitrate,  potassium  perchlorate,  ammonium  per¬ 
chlorate,  guanidine  nitrate,  triaminoguanidine  nitrate, 
potassium  permanganate,  sodium  chromate,  barium 
nitrate,  barium  chromate,  barium  manganate,  sodium 
dichromate,  tetramethylammonium  nitrate  and  cesium 
nitrate. 

7.  A  propellant  composition  according  to  claim  2 

wherein  said  resultant  coprecipitation  process  product 
further  comprises  said  solid  oxidizer  being  selected 
fcoin  I'OfAMtirg  cf  .'m  polav- 
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sium  nitrate,  potassium  perchlorate,  ammonium  per¬ 
chlorate,  guanidine  nitrate,  triaminoguanidine  nitrate, 
potassium  permanganate,  sodium  chromate,  barium 
nitrate,  barium  chromate,  barium  manganate,  sodium 
5  dichromate,  tetramethylammonium  nitrate  and  cesium 
nitrate. 

8.  A  propellant  composition  according  to  claim  3 
wherein  said  resultant  coprecipitation  process  product 

-  further  comprises  said  solid  oxidizer  being  selected 
K)  from  the  group  consisting  of  ammonium  nitrate,  potas¬ 
sium  nitrate,  potassium  perchlorate,  ammonium  per¬ 
chlorate,  guanidine  nitrate,  triaminoguanidine  nitrate, 
potassium  permanganate,  sodium  chromate,  barium 
nitrate,  barium  chromate,  barium  manganate,  sodium 
15  dichromate,  tetramethylammonium  nitrate  and  cesium 
nitrate. 

9.  A  propellant  composition  according  to  claim  4 
wherein  said  resultant  coj  reemitation  process  Droduct 
further  comprises  said  solid  oxidizer  being  selected 

20  from  the  group  consisting  of  ammonium  nitrate,  potas¬ 
sium  nitrate,  potassium  perchlorate,  ammonium  per- 

potassium  permanganate,  sodium  chromate,  barium 
nitrate,  barium  chromate,  barium  manganate,  sodium 
25  dichromate,  tetramethvlammonium  nitrate  and  cesium 
nitrate. 

10.  A  propellant  composition  according  to  claim  5 
wherein  said  resultant  coprecipitation  process  product 
further  comprises  said  solid  oxidizer  being  selected 

30  from  the  group  consisting  of  ammonium  nitrate,  potas¬ 
sium  nitrate,  potassium  perchlorate,  ammonium  per¬ 
chlorate,  guanidine  nitrate,  triaminoguanidine  nitrate, 
pv.iASM utr,  pmu  sujftuiu  v.,  . .  .i . . . 

nitrate,  barium  chromate,  barium  manganate,  sodium 
35  dichromate,  tetramethylammonium  nitrate  and  cesium 
nitrate. 

11.  A  propellant  composition  as  in  claim  6  wherein 
said  polymeric  binder  system  is  a  composite  propellant 
requiring  a  post-formulation  cure  and  is  selected  from 

40  the  group  consisting  of: 
polyester 
polyacrylate, 
epoxy, 
polysulfide, 

45  polyurethane, 

the  copolymer  of  butadiene  and  acrylic  acid  (PBAA), 
the  terpolymer  of  butadiene, 
acrylic  acid, 
acrylonitrile  (PBAN) 

50  carboxy-terminated  polybutadiene  (CTPB)  and 
hydroxy-terminated  polybutadiene  (HTPB) 

12.  A  propellant  composition  as  in  claim  7  wherein 
said  polymeric  binder  system  is  a  composite  propellant 
requiring  a  post-formulation  cure  and  is  selected  from 

55  the  group  consisting  of: 
jvly  ester 
polyacrylate, 
epoxy, 
polysulfide, 

60  polyurethane, 

the  copolymer  of  butadiene  and  acrylic  acid  (PBAA), 
the  terpolymer  of  butadiene, 
acrylic  acid, 
acrylonitrile  (PBAN) 

65  carboxy-terminated  polybutadiene  (CTPB)  and 
hydroxy-terminated  polybutadiene  (HTPB) 

13.  A  propellant  composition  as  in  claim  8  wherein 
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requiring  a  post-formulation  cure  and  is  selected  from 
the  group  consisting  of: 
polyester 
polyacrylate, 

epoxy,  5 

polysulfide, 

polyurethane, 

the  copolymer  of  butadiene  and  acrylic  acid  (PBAA), 
the  terpolymer  of  butadiene, 

acrylic  acid,  10 

acrylonitrile  (PBAN) 

carboxy-terminated  polybutadiene  (CTPB)  and 
hydroxy-terminated  polybutadiene  (HTPB) 

14.  A  propellant  composition  as  in  claim  9  wherein 
said  polymeric  binder  system  is  a  composite  propellant 
requiring  a  post-formulation  cure  and  is  selected  from 
the  group  consisting  of: 

polyester 

polyacrylate, 

epoxy,  20 

polysulfide, 

polyurethane, 

the  copolymer  of  butadiene  and  acrylic  acid  (PBAA), 
the  terpolymer  of  butadiene, 

acrylic  acid,  25 

acrylonitrile  (PBAN) 

carboxy-terminated  polybutadiene  (CTPB)  and 
hydroxy-terminated  polybutadiene  (HTPB) 

15.  A  propellant  composition  as  in  claim  10  wherein 
said  polymeric  binder  system  is  a  composite  propellant  3 
requiring  a  post-formulation  cure  and  is  selected  from 
the  group  consisting  of: 

polyester 

polyacrylate, 

epoxy,  35 

polysulfide, 

polyurethane, 

the  copolymer  of  butadiene  and  acrylic  acid  (PBAA), 
the  terpolymer  of  butadiene,  ’ 

acrylic  acid, 
acrylonitrile  (PBAN) 

carboxy-termiaated  polybutadiene  (CTPB)  and 
hydroxy-terminated  polybutadiene  (HTPB) 

16.  A  propellant  composition  as  in  claim  6  wherein  45 
said  polymeric  binder  system  is  selected  from  the  group 
consisting  of  nitrocellulose,  oxygen  containing  binders, 
and  fluorine  containing  binders. 

17.  A  propellant  composition  as  in  claim  7  wherein 
said  polymeric  binder  system  is  selected  from  the  group  50 
consisting  of  nitrocellulose,  oxygen  containing  binders, 
and  fluorine  containing  binders. 

18.  A  propellant  composition  as  in  claim  8  wherein 
said  polymeric  binder  system  is  selected  from  the  group 
consisting  of  nitrocellulose,  oxygen  containing  binders,  55 
and  fluorine  containing  binders. 

19.  A  propellant  composition  as  in  claim  9  wherein 

said  polymeric  binder  system  is  selected  from  the  group 
consisting  of  nitrocellulose,  oxygen  containing  binders, 
and  fluorine  containing  binders.  GO 

20.  A  propellant  composition  as  in  claim  10  wherein  v 

said  polymeric  binder  system  which  is  selected  from  the  f; 
group  consisting  of  nitrocellulose,  oxygen  containing  h 
binders,  and  fluorine  containing  binders.  "  b 

21.  A  propellant  composition  as  in  claim  6  wherein  65 
said  polymeric  binder  is  an  active  binder  selected  from 
the  group  consisting  of  nitrocellulose,  the  copolymer  of 
hexafluoropropylene  and  vinylidene  fluoride,  and  the 


copolymer  of  chlorotrifiuoroethylene  and  vinylidene 
fluoride. 

22.  A  propellant  composition  as  in  claim  7  wherein 
said  polymeric  binder  is  an  active  binder  selected  from 

5  the  group  consisting  of  nitrocellulose,  the  copolymer  of 
hexafluoropropylene  and  vinylidene  fluoride,  and  the 
copolymer  of  chlorotrifiuoroethylene  and  vinylidene 
fluoride. 

23.  A  propellant  composition  as  in  claim  8  wherein 
0  said  polymeric  binder  is  an  active  binder  selected  from 

the  group  consisting  of  nitrocellulose,  the  copolymer  of 
hexafluoropropylene  and  vinylidene  fluoride,  and  the 
copolymer  of  chlorotrifiuoroethylene  and  vinylidene 
fluoride. 

24.  A  propellant  composition  as  in  claim  9  wherein 
said  polymeric  binder  is  an  active  binder  selected  from 
the  group  consisting  of  nitrocellulose,  the  copolymer  of 
hexafluoropropylene  and  vinylidene  fluoride,  and  the 
copolymer  of  chlorotrifiuoroethylene  and  vinylidene 
fluoride. 

25.  A  propellant  composition  as  in  claim  10  wherein 
said  polymeric  binder  is  an  active  binder  selected  from 
the  group  consisting  of  nitrocellulose,  the  copolymer  of 

.  hexafluoropropylene  and  vinylidene  fluoride,  and  the 
copolymer  of  chlorotrifiuoroethylene  and  vinylidene 
fluoride. 

26.  A  propellant  composition  according  to  claim  16 
wherein  said  propellant  composition  further  comprises 

,  from  0.01-25  percent,  by  weight,  certain  simple  salts 
having  the  common  anion  BiqHiq- 2  wherein  the  cation 
is  selected  from  the  group  consisting  of: 

(i)  ammonium,  wherein  the  salt  has  the  formula 
(NH42B10H10; 

(11)  hydrazinium,  wherein  the  salt  has  the  general 
formula  (NH2NH3)  B10H10; 

(iii)  substituted  ammonium  cations,  wherein  the  salt 
has  the  general  formula  (R3NH)2B10H10,  wherein 
further  R  is  selected  from  the  group  consisting  of 
hydrogen  and  alkyl  radicals  containing  less  than  six 
carbon  atoms; 

(iv)  substituted  hydrazinium  cations,  wherein  the  salt 
has  the  general  formula  (R2NNR2H)2BIOHi0 
wherein  further  R  is  selected  from  the  group  con¬ 
sisting  of  hydrogen  and  alkyl  radicals  containing 
less  than  six  atoms; 

(v)  tetramethylammonium  (CH3)4N+,  tetraethylam- 
monium  (CH3CH2)4N+,  and  quaternary  ammo¬ 
nium  cations  having  the  general  formula  1*^+ 
where  R  is  an  alkyl  radical; 

(vi)  pyrididinium,  bipyridinium  aryl-diazonium,  aryl 
containing  cations  and  substituted  aryl  containing 
cations; 

(vii)  guanidinium,  wherein  the  salt  has  the  formula 
(C(NH2)3)2B  10H  jo; 

(viii)  metal  ions  derived  from  the  elements  in  Groups 
1,  2,  8,  3 b,  4 b,  5b,  6b,  lb,  and  the  elements  of 
Groups  3 a,  4a,  5a,  and  6 a  which  have  atomic  num¬ 
bers  respectively  greater  than  5,  14,  33  and  52. 

27.  A  propellant  composition  according  to  claim  17 
wherein  said  propellant  composition  further  comprises 
from  0.01-25  percent,  by  weight,  certain  simple  salts 
having  the  common  anion  BiqHiq-2  wherein  the  cation 
is  selected  from  the  group  consisting  of: 

(i)  ammonium,  wherein  the  salt  has  the  formula 
(NH4)2B|oHio; 

(ii)  hydrazinium,  wherein  the  salt  has  the  general 
formula  (NH2NH3)  BI0HI0; 
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(ni)  subsmuicd  ammonium  cations,  wherein  the  salt 
has  the  general  formula  (R3NH)2B|oH|0,  wherein 
further  R  is  selected  from  the  group  consisting  of 
hydrogen  and  alkyl  radicals  containing  less  than  six 
carbon  atoms;  5 

(iv)  substituted  hydrazinium  cations,  wherein  the  salt 

has-  the  general  formula  (R2NNR2H)2B10H10 
wherein  further  R  is  selected  from  the  group  con¬ 
sisting  of  hydrogen  and  alkyl  radicals  containing 
less  than  six  atoms;  10 

(v)  tetramethylammonium  (CH3)4N  +  ,  tetraethylam- 
monium  (CHjCHj)4N+,  and  quate»nary  ammo 
nium  cations  having  the  general  formula  R4N+ 
where  R  is  an  alkyl  radical; 

(vi)  pyndidtnium,  bipyridinium  aryl-diazonium,  aryl  15 
containing  cations  and  substituted  aryl  containing 
cations; 

(vii)  guanidinium,  wherein  the  salt  has  the  formula 
(QNHjWjB, 011,0! 

(viii)  meLal  ions  derived  from  the  elements  in  Groups  ^ 
l,  2,  8,  3 b.  4 b,  5b,  5b,  7 b,  and  the  elements  of 
Groups  3a.  4a.  5a,  an  4  fa  which  have  atomic  num¬ 
bers  respectively  greater  than  5,  14,  33  and  52. 

28.  A  propellant  composition  according  to  claim  18 
wherein  said  propellant  composition  further  comprises  25 
from  0.01-25  percent,  by  weight,  certain  simple  salts 
having  die  common  anion  BioH^-  1  wherein  the  cation 
is  selected  from  the  group  consisting  of: 

(i)  ammonium,  wherein  the  salt  has  the  formula 

(NH4),B10H10;  30 

00  hydrazinium,  wherein  the  salt  has  the  general 
formula  (NHjNH3)  B1()H10; 

(iii)  substituted  ammonium  cations,  wherein  the  salt 
has  the  general  formula  (R3NH)2BioH|o,  wherein  35 
further  R  is  selected  from  the  group  consisting  of 
hydrogen  and  alkyl  radicals  containing  less  than  six 
carbon  atoms; 

Civ)  substituted  hydrazinium  cations,  wherein  the  salt 
has  the  general  formula  (R2NNR2H)2B[oH10  ^ 
wherein  further  R  is  selected  from  the  group  con¬ 
sisting  of  hydrogen  and  alkyl  radicals  containing 
less  than  six  atoms; 

(v)  tetramethylammonium  (CH3)4N+,  tetraethylam- 
monium  (CH3CH2)4N+,  and  quaternary  ammo-  45 
nium  cations  having  the  general  formula  R4N+ 
where  R  is  an  alkyl  radical; 

(vi)  pyrididinium,  bipyridinium  aryl-diazonium,  aryl 

containing  cations  and  substituted  aryl  containing 
cations;  30 

(vii)  guanidinium,  wherein  the  salt  has  the  formula 

(viii)  metal  ions  derived  from  the  elements  in  Groups 
1,  2,  8,  3b,  4 b,  5b,  6b,  7 b,  and  the  elements  of  groups 
3a.  4a,  5a,  and  6a  which  have  atomic  numbers  55 
respectively  greater  than  5,  14,  33  and  52. 

29.  A  propellant  composition  according  to  claim  19 
wherein  said  propellant  composition  further  comprises 
from  0.01-25  percent,  by  weight,  certain  simple  salts  : 
having  the  common  anion  BjoHjo-2  wherein  the  cation  60 
is  selected  from  the  group  consisting  of: 

(i)  ammonium,  wherein  the  salt  has  the  formula  : 

(NH4)2B10H10; 

(ii)  hydrazinium,  wherein  the  salt  has  the  general  ■ 

formula  (NH2NH3)  B10H10;  65  t 

(iii)  substituted  ammonium  cations,  wherein  the  salt 

has  the  general  formula  (R3NH)2BtoH|o,  wherein  ' 
further  R  is  selected  from  the  group  consisting  of  < 


hydrogen  and  alkyl  radicals  containing  less  than  six 
carbon  atoms; 

(iv)  substituted  hydrazinium  cations,  wherein  the  salt 
has  the  general  formula  (R2NNR2H)2BIOH10 

5  wherein  further  R  is  selected  from  the  group  con¬ 
sisting  of  hydrogen  and  alkyl  radicals  containing 
less  than  six  atoms; 

(v)  tetramethylammonium  (CH3)4N+,  tetraethylam- 
monium  (CH3CH2)4N+,  and  quaternary  ammo- 

3  nium  cations  having  the  general  formula  R4N+ 
where  R  is  an  alkyl  radical; 

(vi)  pyrididir.iui,.,  bipyridinium  asyl-diaz^nium,  aryl 
containing  cations  and  substituted  aryl  containing 
cations; 

5  (vii)  guanidinium,  wherein  the  salt  has  the  formula 
(C(NH2)3)2  B ,  qH  ]  0; 

(viii)  metal  ions  derived  from  the  elements  in  Groups 
1,  2,  8,  3b,  4b,  5b,  6b,  7 b,  and  the  elements  of 
}  Groups  3 a,  4a,  5a,  and  6 a  which  have  atomic  num¬ 
bers  respectively  greater  than  5,  14,  33  and  52. 

30.  A  propellant  composition  according  to  claim  20 
wherein  said  propellant  composition  further  comprises 
from  0.01-25  percent,  by  weight,  certain  simple  salts 
.  having  the  common  anion  B|qH[o~2  wherein  the  cation 
is  selected  from  the  group  consisting  of: 

(i)  ammonium,  wherein  the  salt  has  the  formula 
(NH42B]oH]o; 

(ii)  hydrazinium,  wherein  the  salt  has  the  general 
!  formula  (NH2NH3)  B10H10; 

(iii)  substituted  ammonium  cations,  wherein  the  salt 
has  the  general  formula  (R3NH)2B10HIO)  wherein 
further  R  is  selected  from  the  group  consisting  of 
hydrogen  and  alkyl  radicals  containing  less  than  six 
carbon  atoms; 

(iv)  substituted  hydrazinium  cations,  wherein  the  salt 
has  the  general  formula  (R2NNR2H)2B10H10 
wherein  further  R  is  selected  from  the  group  con¬ 
sisting  of  hydrogen  and  alkyl  radicals  containing 
less  than  six  atoms; 

(v)  tetramethylammonium  (CH3)4N+,  tetraethylam- 
monium  (CH3CH2)4N+,  and  quaternary  ammo¬ 
nium  cations  having  the  general  formula  R4N+ 
where  R  is  an  alkyl  radical; 

(vi)  pyrididinium,  bipyridinium  aryl-diazonium,  aryl 
containing  cations  and  substituted  aryl  containing 
cations; 

(vii)  guanidinium,  wherein  the  salt  has  the  formula 
(C(NH2)3)2B  1  oH  10; 

(viii)  metal  ions  derived  from  the  elements  in  Groups 
1,  2,  8,  3b,  4b,  5b,  6b,  7 b,  and  the  elements  of 
Groups  3a,  4a,  5a,  and  6a  which  have  atomic  num¬ 
bers  respectively  greater  than  5,  14,  33  and  52. 

31.  A  propellant  composition  according  to  claim  11 
wherein  said  polymeric  composite  propellant  binder 
selected  is  hydroxy-terminated  polybutadiene. 

32.  A  propellant  composition  according  to  claim  12 
wherein  said  polymeric  composite  propellant  binder 
selected  is  hydroxy-terminated  polybutadiene. 

33.  A  propellant  composition  according  to  claim  13 
wherein  said  polymeric  composite  propellant  binder 
selected  is  hydroxy-terminated  polybutadiene. 

34.  A  propellant  composition  according  to  claim  14 
wherein  said  polymeric  composite  propellant  binder 
selected  is  hydroxy-terminated  polybutadiene. 

35.  A  t-rci*  ellant  c-  rntXrtlFior  nexerdi \g  kj  dahii  15 
wherein  said  polymeric  composite  propellant  binder 
selected  is  hydroxy-terminated  polybutadiene. 
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36.  A  propellant  composition  as  in  claim  21  wherein 
said  binder  sclecled  is  nitrocellulose. 

37.  A  propellant  composition  as  in  claim  22  wherein 
sa'd  binder  sclertti  U  'lUesjeelkikae. 

M.  A  propellant  composition  as  in  claim  23  wherein  3 
said  binder  selected  is  nitrocellulose. 

39.  A  propellant  composition  as  in  claim  24  wherein 
said  binder  selected  is  nitrocellulose. 

40.  A  propellant  composition  as  in  claim  25  wherein  10 
said  binder  selected  is  nitrocellulose. 

41.  A  propellant  composition  as  in  claim  26  wherein 
said  binder  selected  is  nitrocellulose. 
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proxirnaiely  25  pails  by  weight,  arid  potassium  nitrate, 
approximately  75  parts  by  weight. 

48.  A  propellant  composition  as  in  claim  35  wherein 
said  resultant  prevail  ia  Uw-  eofnripkite  of  ecsium 
decahydrodecaborate  with  potassium  nitrate. 

49.  A  propellant  composition  as  in  claim  48  wherein 
said  copreJpitale  is  cesium  decahydroaecaborate,  ap¬ 
proximately  25  parts  by  weight,  and  potassium  nitrate, 
approximately  75  parts  by  weight 

50.  A  propellant  composition  as  in  claim  37  wherein 
said  resultant  product  is  the  coprecipitate  of  tetra- 
methylammonium  decahydrodecaborate  with  potas¬ 
sium  nitrate. 

42.  A  propellant  composition  as  in  claim  27  wherein  P1’  A  Pr0Pellant  composition  as  in  claim  50  wherein 
iid  binder  selected  is  nitrocellulose.  13  coPrec'P*tate  is  tetramethylammonium  decahy¬ 

drodecaborate,  approximately  15  parts  by  weight  and 
potassium  nitrate,  approximately  85  *«rts  by  weiyl  t 
52.  A  propellant  composition  as  in  claim  30  wherein 
said  binder  contains  fluorine  and  is  th<*  crpclynxr  of 
20  hexafiuoroDropylene  and  vinylidene  fluoride,  said  resul- 

45.  A  propellant  composition  as  in  claim  30  wherein  12111  product  is  the  coprecipitate  of  cesium  decahy- 

said  binder  selected  is  nitrocellulose.  drodecaborate  with  potassium  nitrate,  and  said  simple 

46.  A  propellant  composition  as  in  claim  40  wherein  sa^t  selected  is  potassium  decahydrodecaborate. 

said  resultant  product  is  the  copreci’.itate  of  cesium  ,<  ,  53-  ^propellant  composition  as  in  claim  52  wherein, 
decahydrodecaborate  with  potassium  nitrate  y  weight,  said  binder  is  approximately  25  percent,  said 

O.  A  p°pd»  wmxamo..  „ in  J*  4.  wn=ran  ST*"’ "J 

said  coprecipitate  u  cesium  decahydrodecaborate,  ap-  *  •  a1**  • 


said  binder  selected  is  nitrocellulose 

43.  A  propellant  composition  as  in  claim  28  wherein 
vsiJ  bwdef  selemed  ia  rirtruceSlulost. 

44.  A  propellant  composition  as  in  claim  29  wherein 
sajd  binder  selected  is  nitrocellulose. 
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f57J  ABSTRACT 

New  propellant  compositions  characterized  by  the  ad- 
dition  of  cer*atn  simple  salts  and  double  salts,  both  me¬ 
tallic  and  non-metallic,  having  the  B10H,0-2  anion  in 
common,  are  taught  herein  to  function  as  a  class  of  burn 
rate  catalysts,  and  not  as  fuels,  when  combined  with  a 
category  of  propellants  known  as  nitrocellulose  base 
propellants.  Additionally,  unique  forms  of  the  simple 
salts,  created  by  coprecipitation  of  the  simple  salt  with 
an  oxidizer,  constitute  a  third  class  of  burn  rate  enhanc¬ 
ers  herein. 


17  Claims,  No  Drawings 
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ACTIVE  BINDER  PROPELLANTS 
INCORPORATING  BURNING  RATE  CATALYSTS 

CROSS  REFERENCE  TO  RELATED 
APPLICATIONS 

This  applicaiion  is  a  continuation-in-part  of  copend- 
ing  application  METHOD  FOR  PREPARING  A 
HIVEL1TE  HIGH  BURN  PROPELLANT  COMPO¬ 
SITION,  Scr.  No.  592,449,  filed  July  2,  1975,  now  aban¬ 
doned,  which  in  turn  is  a  continuation-in-part  of  Ser. 
No.  585,216,  filed  June  6,  1975  and  entitled  HIGH 
BURN  PROPELLANT  COMPOSITIONS,  now 
abandoned. 

BACKGROUND  AND  SUMMARY  OF  THE 
INVENTION 

The  purpose  of  this  invention  is  to  describe  propel¬ 
lants  with  a  controllable  burning  rate  and  a  process  for 
preparing  them.  The  propellants  comprise  a  class  of 
nitrocellulose  base  materials  that  incorporate  a  burning 
rate  enhancer  chosen  from  any  of  three  classes  of  com¬ 
pounds  based  on  decahydrodecaborate  salts. 

The  present  invention  describes  a  class  of  propellants 
that  are  useful  as  gun  or  rocket  propellants  and  in  pyro¬ 
technic  devices  such  as  gas  geneiators.  In  these  types  of 
applications,  a  controlled  amount  of  gas  and  heat  must 
be  released  within  a  specified  time  period  by  the  burn¬ 
ing  propellant.  With  existing  propellants  based  on  nitro¬ 
cellulose,  nitrocellulose/nitroglycerine,  and  nitrocel- 
lulose/nitroglycerine/nitroguanidine,  and  better  known 
to  those  practiced  in  the  art  as  “single  base,”  “double 
base,"  and  "triple  base”  propellants,  respectively,  the 
burning  rate  of  the  propellant  is  fixed  within  rather 
narrow  limits  by  the  formulation;  a  major  change  in 
propellant  formul?  ,  is  required  to  significantly  alter 
such  characteristic-  -  burning  rate.  As  a  result,  to  con¬ 
trol  the  release  of  heat  and  gas  in  a  device  such  as  a 
rocket  motor  chamber,  gun  chamber,  or  other  gas  gen¬ 
erating  device,  the  propellant  is  configured  into  a  some¬ 
times  complicated  three  dimensional  geometry,  known 
as  a  “grain.”  so  that  the  amount  of  surface  burning  at  a 
given  time  is  controlled,  rather  than  the  actual  regres¬ 
sive  burning  rate  of  the  propellant  matrix.  In  addition, 
the  manufacturing  lot-to-Jot  variations  in  characteristics 
such  as  burning  rate  are  somewhat  difficult  to  control 
for  certain  classes  of  these  propellants. 

This  invention  describes  propellants  in  which  the 
burning  rate  is  easily  controlled,  by  the  addition  of  a 
burning  rate  catalyst  into  the  propellant  matrix.  An 
important  feature  of  the  invention  is  that  the  burning 
rate  catalyst  can  be  added  to  numerous  existing  propel¬ 
lant  formulations  to  derive  the  subject  propellants,  with 
the  cifivt  that  the  rang-  of  t  imning  rates  available  {ram 
the  manifold  of  tested  and  qualified  propellants  can  be 
greatly  enhanced.  The  method  of  adding  the  burning 
rate  catalyst  is  not  critical:  it  can  be  added  during  the 
manufacturing  process,  or  alternatively,  after  the  nitro¬ 
cellulose  base  propellant  has  been  completely  pro¬ 
cessed,  or  even  formed  into  a  grain.  The  new  propel¬ 
lants  incorporating  the  burning  rate  catalyst  into  the 
entire  bulk  of  the  propellant  to  alter  the  burning  charac¬ 
teristics  throughout  the  grain,  o1-  by  “seeding”  the  cata- 
lys,  in.o  a  ju.faot.  layci  of  an  existing  grain,  sj  dial  the 
grain  is  effectively  coated  with  a  surface  layer  of  the 
new  propellant  composition,  thereby  altering  the  initial 
burning  rate  of  the  grain. 


2 

The  end  product  of  the  subject  invention  is  a  nitrocel¬ 
lulose  base  propellant  that  enables  the  grain  designer  a 
much  broader  range  of  burning  rate  options,  which  can 
in  turn  be  used  simply  with  existing  grains  or  perform 
5  more  sophisticated  functions  with  new  designs. 

DETAILED  DESCRIPTION  OF  THE 
INVENTION 

The  compositions  of  this  invention  consist  of  propel- 
10  lants  incorporating  nitrocellulose  as  the  primary  binder, 

.  and  other  ingredients  including  plasticizers,  such  as 
nitroglycerin,  monopropellants  such  as  nitroguanidine, 
stabilizers  such  as  triacetin,  and  other  additives  to  alter 
physical  or  thermochemical  characteristics,  and  most 
15  important,  a  burning  rate  catalyst  chosen  from  one  of 
three  classes  of  compounds  based  on  decahydrodecabo¬ 
rate  salts.  The  compositions,  less  the  decahydrodecabo¬ 
rate  salts,  may  be  any  composition  known  to  those  prac¬ 
ticed  in  the  art,  as  “single  base,”  “double  base,”  or  “tri- 
20  pie  base”  propellants,  which  have  as  a  common  ingredi¬ 
ent  nitrocellulose  as  the  primary  binder. 

The  general  propellant  formula  may  be  described  as 
follows: 

25  _ 


COMPONENT 

PROBABLE 
RANGE, 
WEIGHT  % 

1. 

Binder  (Nilrocellulose) 

8-99.9 

2. 

Decahydrodecaborale  compound 

0.01-20 

3. 

Oxidizer  or  monopropellant 

0-60 

4. 

Other  additives,  snch  as  energetic 

plasticizers,  coloring  agents 

0-40 

The  three  classes  of  decahydrodecaborate  com¬ 
pounds  are  further  defined  as  follows: 

35 

Class  1 

The  simple  decahydrodecaborate  salts  used  accord¬ 
ing  to  the  first  class  of  bum  rate  enhancers  within  the 
present  invention  are  compounds  of  the  general  chemi¬ 
cal  formula: 

Mj^b.oHk,), 

where  M  is  a  cation  or  complex  cation  incorporating 
45  hydrogen,  nitrogen,  carbon,  or  metals,  or  some  combi¬ 
nation  thereof,  and  is  chosen  from  the  list  given  below; 
x  is  the  number  of  M  ions;  and  y  is  equal  to: 

x  i  V.cs  lhe  valence  of  lhe  M  ion/2 
50 

The  compounds  may  further  be  defined  as  salts  of 
detahydrodecaboile  acid,  and  thus  contain  as  a  com¬ 
mon  ion  the  decahydrodecaborate  (—2)  anion 

B10HI0-2. 

33  Ills'  c-stkin  \t  Imhoseft  from  <*-»  oiassA' 

(a)  amtnoniam,  NH4+,  wherein  the  salt  has  ths  for¬ 
mula  (NH^BioHio,  and  is  described  by  KNOTH  U.S. 
Pat.  Nc.  3,148,938. 

(b)  hydrazinium,  NH2NH3+,  wherein  the  salt  has  the 
60  formula  (N^N^^oH^,  and  is  described  by 

KNOTH  U.S.  Pat.  No.  3,148,938, 

(c)  substituted  ammonium  cations,  wherein  the  salt 

has  the  general  formula  ^NHjnBjoHio,  where  R  can 
be  hydrogen  (H)  or  an  alkyl  radical  (preferred  radicals 
emAawi  Wm  tl;ir>  si*  (71  rutb&n  11  ■  R’i  it? 

preceeding  formula  may  represent  different  alkyl 
groups.  Compounds  with  two  or  three  hydrogen  radi¬ 
cals  are  described  by  KNOTH  U.S.  Pat.  No.  3,149,163. 
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Typical  cations  are  methylammonium  (CH3)NH3+, 
dimethylammonium  (CH3)2NH2+,  trimethylammo- 
mum  (CH3)3NH ' ,  and  triuhylamrnonhim 
(CH3CH2)3NH+. 

(d)  substituted  hydrazinium  cations,  wherein  the  salt 
has  the  general  formula  (R^NNR^H^BioHio,  where  R 
can  be  hydrogen  (H)  or  an  alkyl  radical  (preferred  radi¬ 
cals  contain  less  than  six  (6)  carbon  atoms),  and  the 
substituted  alkyl  groups  can  be  symmetric  or  assymmet- 
ric  with  respect  to  the  N— N  linkage.  Symmetric  substi¬ 
tuted  cations  are  described  by  KNOTH  U.S.  Pat.  No. 
3,149,163.  An  example  of  an  unsymmetric  substituted 
cation  is  (1,1)  dimethylhydrazinium.  The  R's  in  the 
preceding  formula  may  be  mixed  alkyl  radicals. 

(e)  quaternary  ammonium  salts  of  the  general  formula 
(R4N)2BioH10,  where  R  is  an  alkyl  radical;  the  R’s  in  the 
preceding  formula  may  represent  mixed  alkyl  groups. 
Examples  of  typical  cations  are  tetramethylammonium 

and  totraethylamnloftHHn  (CUjCHjJtN4' 

(0  aryl  containing  cations,  such  as  pyrididinium, 
bipyridinium,  or  substituted  aryl  cations,  such  as  aryl- 
dia/onium  cations. 

(g)  guanidiniuin  ion,  C(NH2)3+,  wherein  the  salt  has 
the  formula  (C(NH2)3)2BioH|0,  and  is  described  in  the 
copending  application  of  common  assignment,  entitled 
BIS-GUANIDINIUM  DECAHYDRODECABO- 


form  by  the  Diamond  Shamrock  Corporation.  Pre¬ 
ferred  starting  salts  are  bis(triethylammonium)  decahy- 
dtodecaborate  (-  2)  and  disodiutn  decahydrodccebo- 
rate  (—2).  The  preparation  and  properties  of  the  aque- 
5  ous  acid,  and  additional  preparative  methods  for  metal¬ 
lic  salts,  are  described  in  more  detail  in  U.S.  Pat.  No. 
3,148,939. 

The  simple  non-metallic  decahydrodecaborate  salts 
themselves  are  capable  of  further  utility  within  pyro- 
10  technic  compositions,  as  disclosed  in  another  copending 
application  emitted  IGNITION  AND  PYROTECH¬ 
NIC  COMPOSITIONS,  filed  June  10,  1976,  and  as¬ 
signed  Ser.  No.  694,625,  also  as  a  continuation-in-part  of 
the  above-noted  parent  applications. 

15  Class  (2) 

Double  salts  of  the  formula  (B  | oH  i o)  y-  N^P,,  where 

M,  x,  and  y  are  as  described  in  (1),  N  is  a  cation  or 
sitten  wie-arporeting  hydivB<en  rnrtih,  ct  aoti- 
20  metals,  or  some  combination  thereof,  z  is  the  number  of 
N  ions,  P  ir  an  oxidizing  anion,  composed  of  oxygen  and 
a  nonrortal,  (n  some  combination  thereof,  and  t  is  equal 
to: 

25  i  times  the  valence  of  the  N  ion 

valence  of  the  P  ion 


KATE  AND  A  PROCESS  FOR  ITS  PREPARA¬ 
TION,  filed  Jan.  10,  1976,  and  now  U.S.  Pat.  No. 
4,002,681. 

(h)  metal  ions,  derived  from  metals  defined  by  a  Peri-  30 
odic  Table  such  as  that  in  the  “Handbook  of  Chemistry 
and  Physics,”  54th  Edition,  inside  front  cover,  by  the 
elements  in  Groups  1,  2,  8,  3b,  4b,  5b,  6b  and  7b,  and  the 
elements  of  Groups  3a,  4a,  5a,  and  6a  with  atomic  num¬ 
bers  greater  than  5,  14,  33,  and  52  respectively.  The  35 
metal  decahydrodecaborate  salts  are  further  described 
by  KNOTH  U.S.  Pat.  No.  3,148,939.  Examples  of  such 
metal  salts  are  Cs2BioHi0and  K2Bi0Hio.  the  cesium  and 
potassium  salts  of  decahydrodecaboric  acid,  which  are 
representative  of  alkaline  metal  decahydrodecaborate  40 
salts,  having  atomic  numbers  less  than  87,  preferred  for 
the  compositions  described  in  this  invention. 

The  salts  of  the  decahydrodecaborate  (—2)  ion 
(Chemical  formula  B10HI0“2)  are  conveniently  pre¬ 
pared  by  stoichiometrically  reacting  an  aqueous  solu-  45 
tion  of  the  parent  acid,  dihydrogen  decahydrodecabo¬ 
rate,  H2B10H10,  with  (1)  a  soluble  hydroxide  of  the 
desired  cation,  such  as  ammonium  hydroxide,  (2)  the 
conjugate  Bronsted  base  of  the  desired  cation,  such  as  a 
free  amine,  or  (3)  a  soluble  salt  of  the  desired  cation,  50 
such  that  the  salt  anion  is  destroyed  during  the  reaction, 
such  as  guanidine  carbonate.  A  Bronsted  base  is  any 
substance  capable  of  accepting  a  proton  in  a  reaction; 
the  definition  is  elaborated  upon  in  any  elementary 
chemistry  text,  such  as  Dickerson,  Gray  and  Haight,  55 
“Chemical  Principles,  2nd  Edition,”  1974,  page  135. 

The  aqueous  solutions  of  the  salts,  prepared  above, 
may  be  evaporated  to  dryness  to  recover  the  crystalline 
salt.  Alternatively,  some  salts  may  be  precipitated  from 
the  aqueous  solution  by  a  nonsolvent  that  is  miscible  60 
with  water.  The  salts  may  be  purified  by  recrystalliza¬ 
tion. 

The  aqueous  decahydrodecaboric  acid  used  as  a  start¬ 
ing  material  for  the  process  of  this  invention  is  conve¬ 
niently  prepared  by  passing  an  amine  or  metal  salt  of  the  65 
decahydrodecaborate  (-2)  ion  through  a  column  con¬ 
taining  a  strongly  acidic  ion  exchange  resin  of  the  sul¬ 
fonic  acid  type,  suen  as  a  EjUULITE  type  “C-JO,"  “>-‘d 


The  ratio  (x/z)  is  a  ratio  of  small  whole  numbers. 

The  compounds  may  further  be  defined  as  double 
salts  that  include  a  cation,  Mx,  as  defined  above,  the 
decahydrodecaborate  (—2)  ion  (B|oH|o— 2),  together 
with  an  additional  oxidizing  anion  such  as  nitrate  or 
dichromate.  Preferred  salts  in  this  category  include  the 
double  salt  of  cesium  decahydrodecaborate  and  cesium 
nitrate,  chemical  formula  (Cs2B|oH|o)CsN03,  and  the 
double  salt  of  cesium  decahydrodecaborate  and  cesium 
dichromate,  chemical  formula  (Cs2B|oH|o)2Cs2Cr207, 
which  salts  themselves  are  further  described  in  U.S.  Pat. 
No.  3,107,613,  and  U.S.  Pat.  No.  3,265,056,  respec¬ 
tively. 

Class  3 

An  intimate  blend  of  the  compounds  described  in 
Class  (1)  above,  with  an  oxidizing  agent,  in  a  manner 
that  a  chemically  and  physically  different  product  is 
obtained  than  the  starting  materials. 

The  process  by  which  the  compositions  of  this  class 
are  prepared  produces  a  very  intimate  blend  of  decahy¬ 
drodecaborate  (—2)  ion  with  the  oxidizer  and  makes  the 
compositions  so  prepared  chemically  and  physically 
unique  from  physical  blends  of  decahydrodecaborate 
(—2)  salts  with  oxidizer  or  pyrotechnic  compositions 
incorporating  decahydrodecaborate  (—2)  salts  pro¬ 
duced  by  other  means.  In  general,  the  process  consists 
of  dissolving,  in  a  suitable  solvent,  a  decahydrodecabo¬ 
rate  (-2)  salt,  as  described  above.  The  subject  composi¬ 
tion  is  recovered  by  precipitating  the  composite  ingre¬ 
dients  of  the  solution  with  a  suitable  nonsolvent.  The 
resulting  solid,  after  filtration  and  drying,  comprises  an 
intimate  mixture  of  the  decahydrodecaborate  (—2) 
anion  with  the  oxidizing  cation  or  substance,  in  a  form 
that  is  chemically  and  physically  different  than  the 
starting  materials. 

The  process  may  be  properly  called  a  “cocrystalliza¬ 
tion”  or  "coprecipitation”  and  the  resulting  produce  a 
“cocrystallate”  or  “coprecipitate.” 

An  essential  component  of  Class  (3)  compounds  is  an 
oxidizing  w,  a  tuaMial  that  wilt  wart  or 


4,139,404 


burn  when  mixed  with  the  decahydrodecaborate  (  —  2) 
salt.  Any  solid  oxidizing  agent  which  will  yield  oxygen 
upon  decomposition  will  fulfill  this  role,  solid  oxygen 
containing  metal  or  nonrretal  salts  are  preferred  be¬ 
cause  of  their  availability,  stability,  and  ease  of  incorpo-  5 
ration  into  the  composition. 

Solid  oxidizing  agents  useful  in  this  invention  must 
meet  certain  criteria,  as  listed  in  the  description  of  the 
coprecipitation  process.  In  general,  solid  oxidizing 
agents  include  ammonium,  substituted  ammonium,  10 
guanidine,  substituted  guanidine,  alkali  and  alkaline-  ■ 
earth  salts  of  oxygen  containing  acids  such  as  nitric, 
perchloric,  permanganic,  manganic,  chromic,  and  di¬ 
chromic  acids.  Preferred  species  for  this  invention, 
which  gave  good  thermal  stability  and  low  hygroscop-  15 
icily  include  ammonium  nitrate,  potassium  nitrate,  po¬ 
tassium  perchlorate,  ammonium  perchlorate,  guanidine 
nitrate,  tnaminoguanidine  nitrate,  potassium  permanga¬ 
nate,  sodium  chromate,  barium  nitrate,  barium  chro¬ 
mate.  banum  manganate,  sodium  dichromate,  tetra-  20 
methylammonium  nitrate  and  cesium  nitrate.  Other 
solid  oxidizing  agents  which  would  be  used  if  the  appro¬ 
priate  solvent/nonsolvent  system  were  used  include 
ammonium,  substituted  ammonium,  guanidine,  substi¬ 
tuted  guanidine,  alkali  and  alkaline-earth  salts  of  other  25 
oxygen-containing  acids  such  as  chloric,  persulfuric, 
thiosulfunc.  anodic,  iodic  and  bromic  acids.  Other 
stable  oxides  include  lead  thiocyanate,  the  oxides  and 
peroxides  of  the  light  and  heavy  metals  and  nonmetals, 
such  as  barium  peroxide,  lead  peroxide  (PbCh),  lithium  30 
peroxide,  ferric  oxide,  red  lead  (PbsO^,  cupric  oxide, 
tellurium  dioxide,  antimonic  oxide,  etc.,  and  nonionic 
substances  such  as  nitrocellulose,  nitroguanidine,  and 
cyclotetramethylenetetranitramine  (HMX).  Mixtures  ot 
the  aforementioned  oxidizing  agents  also  can  be  used.  35 

These  unijue  coprecipitated  Class  3  salts,  containing 
the  BioHicT^  anion,  and  the  process  for  their  creation, 
are  themselves  further  disclosed  in  our  copending  appli¬ 
cation  entitled  COPRECIPITATED  PYROTECH¬ 
NIC  COMPOSITION  PROCESSES  AND  RESUL-  40 
TANT  PRODUCTS,  filed  June  10,  1976,  assigned  Ser. 
No.  694,626,  which  is  incorporated  herein  by  reference. 

The  compositions  of  this  invention  make  use  of  the 
unique  decomposition  properties  of  the  decahy¬ 
drodecaborate  (  —  2)  anion,  a  bicapped  square  antiprism  45 


lated  nitrocellulose  base  propellants  can  be  used  as  one 
ingredient  in  the  subject  propellants.  The  decahy- 
dTodecab./tale  (—2)  compound  may  bz  incorporated 
with  the  preformulated  propellants  during  the  manufac¬ 
turing  phase,  by  adding  the  decahydrodecaborate  (—2) 
compound  along  with  other  ingredients  to  a  nitrocellu¬ 
lose  in  a  solvent  slurry  form,  or  alternatively  by  starting 
with  a  previously  manufactured  propellant  and  adding 
the  decahydrodecaborate  by  softening  the  propellant 
matrix  and  mixing  the  decahydrodecaborate  compound 
with  the  softened  material. 

The  decahydrodecaborate  (—2)  compounds  are  ame¬ 
nable  to  incorporation  into  the  subject  propellants  ei¬ 
ther  dissolved  in  a  suitable  solvent,  such  as  acetone  or 
acetone/alcohol  mixtures,  which  is  also  a  solvent  for 
the  nitrocellulose  based  propellant,  or  alternatively, 
carried  as  an  undissolved  suspension  in  a  liquid  such  a 
butyl  acetate,  which  is  a  solvent  or  softening  agent  for 
the  preformulated  propellant. 

Examples  of  acetone  or  acetone/ethanol  soluble 
decahydrodecaborate.',  are  bis-ammonium  decahy¬ 
drodecaborate  (—2)  and  potassium  decahydrodecabo¬ 
rate  (—2),  representatives  of  Class  (l)a  and  Class  (l)h, 
respectively.  Examples  of  decahydrodecaborates  insol¬ 
uble  in  acetone  or  butyl  acetate  are  cesiun.  decahy¬ 
drodecaborate  (—2),  bis-tetramethylammonium 
Jocahydfodocabriraii.  (-  2),  iad  eesi'im  nitfaor,  and  iht 
coprecipitate  of  cesium  decahydrodecaborate  (—2) 
with  potassium  nitrate,  which  are  representatives  from 
Classes  (l)e,  f2),  mid  13),  tespecttvtfy. 

A  convenient  method  of  preparation  of  the  subject 
propellants  is  to  obtain  the  precured  or  preformulated 
pfqpeftMiI  as  a  skirry  or  d  using  a  method  emu 

monly  practiced  for  the  particular  material,  for  example 
with  heat,  by  solvent  swelling,  or  solvent  dissolving. 
The  solid  or  dissolved  ingredients  are  blended  with  the 
softened  or  slurried  binder  in  a  suitable  mixing  appara¬ 
tus,  usually  under  vacuum,  until  the  mixture  is  of  ade¬ 
quate  uniformity.  The  order  of  addition  of  ingredients 
and  details  of  the  blending  cycle  may  vary  with  the 
specific  formulation.  After  blending,  the  soft  propellant 
is  foimed  into  the  final  configuration,  commonly  by 
casting  or  extruding,  and  allowed  to  harden,  for  exam¬ 
ple  by  loss  of  solvent  or  loss  of  heat. 


polyhedral  ion  with  unusual  stability;  the  ion  is  believed 
to  be  kinctically  rather  than  thermodynamically  stabi¬ 
lized.  The  ion  demonstrates  an  unusually  fast  decompo¬ 
sition  upon  oxidation,  which  is  believed  to  proceed 
through  the  lab'!:,  apical  hydrogen  atoms  bonded  to  the 
cage.  When  incorporated  into  a  nitrocellulose  base  pro¬ 
pellant,  the  decahydrodecaborate  (—2)  ion  acts  in  such 
a  manner  as  to  control  the  overall  burning  rate  of  the 
propellant,  so  that  the  overall  composition  exhibits  an 
accelerated,  and  in  some  cases  a  stabilized  burning  rate. 

In  the  subject  propellant  compositions,  a  decahy¬ 
drodecaborate  (—2)  compound,  from  the  foremen- 
tioned  three  classes,  is  used  in  a  catalytic  amount,  i.e., 
from  0.01%  to  an  upper  limit  of  20%.  The  effect  of  the 
incorporation  of  the  decahydrodecaborate  ion  into  the 
propellant  matrix  is  profound;  the  intrinsic  burning  rate 
of  a  typical  double  base  propellant  can  be  doubled  with 
as  little  as  5%  by  weight  of  the  decahydrodecaborate 
catalyst. 

The  method  of  incorporating  the  decahydrodecabo¬ 
rate  (  —  2)  compound  into  the  propellant  is  not  critical, 
aiid  iiiay  be  aeconrpfetnid  l>y  a  variety  of  rtitHiS.  1  lit 
advantage  of  this  invention  is  that  previously  formu- 


EXAMPLE  I 

A  quantity  of  a  typical  propellant  consisting  of  48% 
by  weight  nitroglycerine,  12.05%  triacetin,  5%  cellu¬ 
lose  acetate,  2%  nitrodiphenylamine,  2%  lead  2-ethyl 
hexoate,  and  0.05%  candilla  wax,  simply  and  well- 
known  in  this  art  by  the  identifier  “X-9  double  base 
propellant,”  is  obtained  in  a  sheet  form  of  approximate 
thickness  J  inch.  This  X-9  double  base  propellant  is  a 
typical  double  base  propellant,  and  results  obtained 
with  this  material  are  representative  of  the  magnitude  of 
effectiveness  of  the  compositions  that  are  the  subject  of 
this  invention. 

lOOg  of  X9  propellant  is  softened  with  approximately 
250  ml  butyl  acetate  over  a  period  of  24  to  72  hours.  The 
softened  material  is  charged  into  a  Baker-Perkins  sigma 
blade  mixer  at  100'  F.  and  degased  for  30  minutes  at  a 
vacuum  of  28"  Hg  minimum.  Two  (2)  grams  of  bis- 
ammonium  decahydrodecaborate  (  —  2)  is  added  to  the 
mixer,  and  blending  at  100‘  F.  under  vacuum  is  contin¬ 
ued  for  an  additional  30  minutes.  The  resulting  blend, 
after  tlie  mixing  eyale,  is  a  wtfform  mass  wfth  a  wry 
thick  consistency. 


7 
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Propellant  burn  rate  strands  are  made  by  extruding 
the  blend  propellant  to  the  desired  dimensions,  using  an 
extruder  barrel  and  ram  mounted  in  an  air  operated 
press,  in  a  well-known  manner. 

The  strands  are  dried  at  ambient  temperature  and 
pressure,  for  a  minimum  of  three  days,  and  thereafter 
nnrfcr  a  vacuum  of  28"  He  minimum  for  a  minimum  of 


TABLE  I  continued 


Decahydrodecaborate 
Com  pound _ 

and  cesium  nitrate 
Coprecipitate  of  cesium 
decahydrodecaborate  (—2) 
and  potassium  nitrate 


Burning  Rate 
Inches  per  Second 

0.217  ±  .022 
0.234  ±  .053 


two  days.  During  the  drying  period,  the  outside  cross 
sectional  dimensions  may  shrink  to  i  inch,  from  a  i  inch 
initial  dimension,  due  to  the  evaporation  of  butyl  ace-  10 
tate. 

The  dried  strands  inhibited  with  three  or  four  layers 
of  ethyl  cellulose  by  dipping  in  a  solution  of  ethyl  cellu¬ 
lose  dissolved  in  60%  ethyl  lactate  and  40%  butyl  ace¬ 
tate.  After  coating  is  complete,  the  inhibited  strands  are  15 
dried  for  72  hours  minimum  at  110*  F. 

A  similar  batch  of  X9  propellant  is  processed  in  an 
identical  manner  as  described  above,  except  that  no 
bis-ammonium  decahydrodecaborate  (—2)  is  added,  to 
serve  as  a  control  or  “standard”  to  determine  the  effects  20 
of  adding  the  decahydrodecaborate  salts. 

The  inhibited  bum  rate  strands  are  cut  to  a  length  of 
approximately  3i  inches.  A  nichrome  ignition  wire  is 
inserted  through  a  1/16  inch  hole  drilled  J  inch  from 
one  end  of  the  strand.  Ihree  lacquer-coated  solder  21 
breakwires  are  inserted  through  1/16  inch  holes  spaced 
at  1  inch  intervals  from  the  ignition  wire;  the  breakwires 
are  potted  into  place  with  Duco  cement.  The  strand 
with  attached  wires  is  securely  fastened  with  phenolic 
tiedowns  to  a  phenolic  plate,  and  electrical  connections  30 
to  the  wires  made.  The  phenolic  plate  is  mounted  in  a 
pressure  bomb;  electrical  connections  are  made  through 
a  feedthrough  mounted  in  the  bomb  flange.  The  sealed 
bomb  is  pressurized  to  1000  psi.  A  28V  pulse  applied  to 
the  ignition  wire  ignites  the  strand.  Time  between  sue-  35 
cessive  breakwire  breaks  is  recorded,  as  well  as  pressure 
risp  in  the  bomb  as  a  function  of  time.  The  reciprocal  of 


The  data  show  that  the  decahydrodecaborate  com¬ 
pounds  universally  increase  the  burning  rates  of  the 
propellants  incorporating  them  over  that  of  the  control 
propellant.  Furthermore,  in  the  case  of  propellants  in¬ 
corporating  cesium  decahydrodecaborate  (  2),  the 

burning  rates  are  stablized,  which  is  a  highly  desirable 
feature. 

The  embodiments  of  the  specific  nitrocellulose  base 
propellant  compositions  disclosed  herein,  in  which  an 
exclusive  property  or  privilege  is  claimed,  are  to  be 
defined,  as  follows. 

We  claim: 

1.  An  active  binder  propellant  composition  compris¬ 
ing,  by  weight: 

(A)  a  nitrocellulose  binder  in  the  range  8-99.9  per¬ 
cent; 

(B)  oxidizer  ot  nionopiopeViaiA  in  the  range 
percent;  and 

(C)  a  bum  rate  catalyst,  in  the  range  0.01-20  percent, 
which  consists  of  certain  decahydrodecaborate 
salts,  having  the  common  anion  BjoHio-2  wherein 
the  cation  is  selected  from  the  group  consisting  of: 

(i)  ammonium,  wherein  the  salt  has  the  formula 
(NUOzB.qH,,); 

(ii)  hydrazinium,  wherein  the  salt  has  the  general 
formula  (NH2NH3>BioHio; 

(iii)  substituted  ammonium  cations,  wherein  the  salt 
has  the  general  formula  (R^NH^BioHn), 
wherein  further  R  is  selected  from  the  group 


the  rime  between  successive  wire  breaks  is  the  burn  rate 
in  inches  per  second.  The  average  of  these  bum  rates  (2 
data  points  per  strand)  over  the  manifold  of  data  points  40 
for  all  strands  of  a  particular  propellant  is  taken  as  the 
bum  rate  for  that  propellant.  The  standard  deviation  is 
computed  by  normal  procedures,  when  at  least  10  data 
points  are  ootained. 

The  burning  rates  so  obtained  are:  45 

control:  0.145  ±  0.024  inches  per  second 
2%  bis-ammonium  decahydrodecaborate:  0.235  ± 
0.021  inches  per  second, 

Of  i  burning  rate  increase  of  61%. 

EXAMPLE  II 

Additional  blends  of  decahydrodecaborate  com¬ 
pounds  with  the  typical  and  representative  active 
binder  “X9”  propellant  are  made  and  tested  in  a  manner 
identical  to  Example  I.  Decahydrodecaborate  com-  55 
pounds  rei  resentative  of  each  of  the  three  foremen- 
tioned  classes  are  tested.  Ihese  results  are  snown  in 
Table  I. 


consisting  of  hydrogen  and  alkyl  radicals  con¬ 
taining  less  than  six  carbon  atoms; 

(iv)  substituted  hydrazinium  cations,  wherein  the 
salt  has  the  general  formula  (RjNNRzH^BioHio 
wherein  further  R  is  selected  from  the  group 
consisting  of  hydrogen  and  alkyl  radicals  con¬ 
taining  less  than  six  atoms, 

where'1  said  bum  rate  catalyst  is  further  the  resultant 
product  of  a  coprecipitation  of  one  of  said  group  of 
decahydrodecaborate  salts,  and  a  solid  oxidizing  agent, 
by  the  process  of: 

(i)  dissolving  bi*h  the  d^>ydJ-^hiaihnrate  i  -21 
salt  and  the  solid  oxidizing  agent  in  a  mutually 
soluble  solvent,  at  a  temperature  sufficiently 
high  to  maintain  said  salt  and  said  oxidizing 
agent  in  sclut'cn; 

(ii)  forming  a  pressurized  stream  of  said  solution 
and  bringing  said  solution  stream  together  with  a 
pusswiawi  Btrewr  of  a  lUiu'iMe  nonsolvent, 
under  conditions  of  extreme  turbulence  within  a 
mixing  chamber,  to  effect  a  substantially  com- 


TABLE I 


Decahydrodecaborate 
Compound _ _ 

None  (control) 

Cesium  decahydrodecaborate 

(Cs2B)0H|o) 

bis-ammonium  decahydro- 
Hecarborate  (From  Example 


Burning  Rate 
Inches  per  Second 

0,145  ±  .024 
0.168  ±  .010 
0.185  ±  .008 
0.212  ±  .007 
0.235  ±  .021 


I)  (NH4)2  B|0H|o 
Double  salt  of  cesium 
decahydrodecaborate  (-2) 


2  1 
2 


0.201  ±  .021 
0.187  ±  .022 


plete  coprecipitation; 

(iii)  recovering  the  coprecipitated  product  by  fil¬ 
tering  the  effluent  from  said  mixing  chamber, 
and  washing  said  product  with  an  inert  and  non¬ 
solvent  fluid; 

(iv)  drying  the  product  to  remove  all  remaining 
fluid. 

2.  An  active  binder  propellant  composition  compris¬ 
ing,  by  weight: 
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(A)  a  nitrocellulose  binder  in  the  range  8-99.9  per¬ 
cent; 

(B)  oxidizer  or  monopropellant  iv.  the  range  0-60 
percent;  and 

(C)  a  bum  rate  catalyst,  in  the  range  0.01-20  percent,  5 
which  consists  of  certain  decahydrodecaborate 
saits,  having  the  common  anion  BipHtc-2,  and  a 
cation  selected  from  the  group  consisting  of: 

(i)  tetramethylammonium,  (CHj^N-f,  tetraethyl- 
ammonium,  (CH,CH2)4N  +  .  and  quaternary  10 
ammonium  cations  having  the  general  formula 
R4N  -f-  wherein  R  is  an  alkyl  radical; 

(ii)  pyrididinium,  bipyridinium  aryl-diazonium, 
aryl  containing  canons  and  substituted  aryl  con¬ 
taining  cations, 

wherein  said  bum  rate  catalyst  is  further  the  resultant 
product  of  a  coprecipitation  of  one  of  said  group  of 
decahydrodecaborate  salts,  and  a  solid  oxidizing  agent, 
by  the  process  of: 

(i)  dissolving  both  the  decahydrodecaborate  (-2)  20 
salt  and  the  solid  oxidizing  agent  in  a  mutually 
soluble  solvent,  at  a  temperature  sufficiently 
high  to  maintain  said  salt  and  said  oxidizing 
agent  in  solution; 

(ii)  forming  a  pressurized  stream  of  said  solution  25 

and  bringing  said  solution  stream  together  with  a 
pressurized  stream  of  a  miscible  nonsolvent, 
under  conditions  of  extreme  turbulence  within  a 
mixing  chamber,  to  effect  a  substantially  com¬ 
plete  coprecipitation;  30 

(iii)  recovering  the  coprecipitated  product  by  fil¬ 
tering  the  effluent  from  said  mixing  chamber, 
and  washing  said  product  with  an  inert  and  non¬ 
solvent  fluid; 

(iv)  drying  tne  product  to  remove  all  remaining  35 
liquid. 

3.  An  active  propellant  composition  comprising,  by 
weight: 

(A)  a  nitrocellulose  binder  in  the  range  8-99.9  per¬ 
cent;  m  40 

(B)  oxidizer  or  monopropellant  in  the  range  0-60 
percent,  and 

(C)  a  bum  rate  catalyst,  in  the  range  0.01-20  percent, 
which  consists  of  a  decahydrodecaborate  salt,  hav- 


4.  An  active  binder  propellant  composition  compris¬ 
ing,  by  weight: 

(A)  a  nitrocellulose  binder  in  the  range  8-99.9  per¬ 
cent; 

S  '  (B)  oxidizer  or  monopropellant  in  the  range  0-60 

percent;  and 

(C)  a  bum  rate  catalyst,  in  the  range  0.01-20  percent, 
which  consists  of  a  metallic  decahydrodecaborate 
salt,  having  the  common  anion  BioHto-2.  wherein 

0  the  cation  is  selected  from  the  group  consisting  of: 
(i)  metal  ions  derived  from  the  elements  in  Groups 
1,  2,  8,  3b,  4b,  5b,  6b,  7b,  and  the  elements  of 
Groups  3a,  4a,  5a,  and  6a  which  have  atomic 
millibars  respectively  greater  than  5V  14  13  end 

!5  52, 

wherein  said  bum  rate  catalyst  is  further  the  resultant 
product  of  a  coprecipitation  of  one  of  said  group  of 
decahydrodecaborate  salts,  and  a  solid  oxidizing  agent, 
by  the  process  of: 

!0  (i)  dissolving  both  the  decahydrodecaborate  (-2) 

salt  and  the  solid  oxidizing  agent  in  a  mutually 
soluble  solvent,  at  a  temperature  sufficiently 
high  to  maintain  said  salt  and  said  oxidizing 
agent  in  solution; 

25  (ii)  forming  a  pressurized  stream  of  said  solution 
and  bringing  said  solution  stream  together  with  a 
pressurized  stream  of  a  miscible  nonsolvent, 
under  conditions  of  extreme  turbulence  within  a 
mixing  chamber,  to  effect  a  substantially  com- 

30  plete  coprecipitation; 

(iii)  recovering  the  coprecipitated  product  by  fil¬ 
tering  the  effluent  from  said  mixing  chamber, 
and  washing  said  product  with  an  inert  and  non- 
volvent  fluid; 

35  (ivf  drying  the  product  to  remove  all  remaining 
liquid. 

5.  An  active  binder  propellant  composition  according 
to  claim  1  wherein  said  nitrocellulose  base  binder  is 
selected  from  the  group  consisting  of  nitrocellulose, 

40  nitrocellulose/nitroglycerine,  and  nitrocellulose/nitro- 
glycerine/ nitroguanidine. 

6.  An  active  binder  propellant  composition  according 
to  claim  2  wherein  said  nitrocellulose  base  binder  is 
selected  from  the  group  consisting  of  nitrocellulose, 


which  consists  oi  a  aecanyurouccauvnmc  oan,  —  -  .  — r. 

ing  the  anion  B10H10-2,  wherein  the  cation  is  45  nitrocellulose/mtroglycenne,  and  mtrocellulose/mtro- 
guanidinium,  and  the  salt  has  the  formula  glycerine/nitroguamdine. 

fcfNH  i  \  b  fiH  7.  An  active  binder  propellant  composition  according 

Wherein  said  bum  rale’ catalyst  is  further  the  resultant  to  claim  3  wherein  said  nitrocellulose  base  binder  is 

product  of  a  coprecipitation  of  bis  guanidinium  decahy-  selected  from  the  group  consisting  of  nitrocellulose, 

drodecaborate.  and  a  solid  oxidizing  agent,  by  the  pro-  50  nitrocellulose/mtroglycenne,  and  mtrocellulose/mtro- 
of-  glycerine/nitroguamdine. 

(i)  dissolving  both  the  decahydrodecaborate  (-2)  8.  An  active  binder  propellant  composition  according 

salt  and  the  solid  oxidizing  agent  in  a  mutually  to  claim  4  wherein  said  nitrocellulose  base :  binder  is 

soluble  solvent,  at  a  temperature  sufficiently  selected  from  the  group  consisting  of  nitrocellulose, 

high  to  maintain  said  salt  and  said  oxidizing  55  nitrocellulose/mtroglycenne,  and  nitrocellulose/mtro- 
agent  in  solution;  glycerine,  and  mtrocellulose/nitroglycenne/m- 

(u)  forming  a  pressurized  stream  of  said  solution  troguanidine. 

and  bringing  said  solution  stream  together  with  a  9.  A  nitrocellulose  base  propellant  composition  ac- 
nressurized  stream  of  a  miscible  nonsolvent,  cording  to  claim  5  wherein  said  oxidizing  agent  s  se¬ 
nder  conditions  of  extreme  turbulence  within  a  60  lected  from  the  group  consisting  of  ammonium  nitrate, 

mixing  chamber,  to  effect  a  substantially  com-  potassium  nitrate,  potassium  perchlorate,  ammonium 
nlete  coprecipitation-  perchlorate,  guanidine  nitrate,  tnaminoguanidme  m- 

fiii)  recovering  the  coprecipitated  product  by  fil-  trate,  potassium  permanganate,  sodium  chromate,  bar¬ 
tering  the  effluent  from  said  mixing  chamber,  mm  nitrate,  barium  chromate,  barium  manganate,  so- 
and  washing  said  product  with  an  inert  and  non-  65  dium  dichromate,  tetramethylammonium  nitrate  and 
solvent  fluid’  cesium  nitrate. 

(iv)  drying  the  prcduc  iv.  itmivt  all  remaining  lt>.  A  nkoedtuhjw’  pr  deposition  ac- 

V  liquid  cording  to  claim  6  wherein  said  oxidizing  agent  is  se- 


wti  • . 
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lected  from  the  group  consisting  of  ammonium  nitrate, 
potassium  nitrate,  potassium  perchlorate,  ammonium 
perchlorate,  guanidine  nitrate,  triaminoguanidine  ni¬ 
trate,  potas.sum  permanganate,  sodium  chromate,  bar¬ 
ium  nitrate,  barium  chromate,  barium  manganate,  so¬ 
dium  dichromate,  tetramethylammonium  nitrate  and 
cesium  nitrate 

11.  A  nitrocellulose  base  propellant  composition  ac¬ 
cording  to  claim  7  wherein  said  oxidizing  agent  is  se¬ 
lected  from  the  group  consisting  of  ammonium  nitrate, 
potassium  nitrate,  potassium  perchlorate,  ammonium 
perchlorate,  guanidine  nitrate,  triaminoguanidine  ni¬ 
trate,  potassium  permanganate,  sodium  chromate,  bar¬ 
ium  nitrate,  barium  chromate,  barium  manganate,  so¬ 
dium  dichromate,  tetramethylammonium  nitrate  and 
cesium  nitrate. 

12.  A  nitrocellulose  base  propellant  composition  ac¬ 
cording  to  claim  8  wherein  said  oxidizing  agent  is  se¬ 
lected  from  the  gioop  consisting  of  ammeniwn  nitrate, 
potassium  nitrate,  potassium  perchlorate,  ammonium 
perchlorate,  guanidine  nitrate,  triaminoguanidine  ni¬ 
trate,  potassium  permanganate,  sodhtfp  chfonsute,  bar 
ium  nitrate,  barium  chromate,  barium  manganate,  so- 


12 

dium  dichromate,  tetramethylammonium  nitrate  and 
cesium  nitrate. 

13.  An  active  binder  propellant  composition  accord¬ 
ing  to  claim  12  wherein  the  metallic  salt  selected  is 

5  cesium  decahydrodecaborate,  said  solid  oxidizing  agent 
is  potassium  nitrate,  said  solvent  is  water,  and  said  non¬ 
solvent  stream  is  acetone. 

14.  An  active  binder  propellant  composition  accord¬ 
ing  to  claim  13  wherein  said  propellant  binder  selected 

10  is  of  the  double  base  type,  comprising  nitrocellulose/ni¬ 
troglycerine. 

15.  An  adtive  binder  propellant  composition  accord¬ 
ing  to  claim  14  wherein  said  double  base  propellant 
further  comprises  approximately,  by  weight,  48%  nitro- 

15  glycerine,  12.05%  triactin,  5%  cellulose  acetate,  2% 
nitrodiphenylamine,  2%  lead  2-ethyl  hexoate  and 
0,05%  candilla  wax. 

16.  An  active  binder  propellant  composition  accord¬ 
ing  to  claim  14  wherein  said  bum  rate  catalyst  is  in  the 

20  range  0.01-U)  percent. 

17.  An  active  binder  propellant  composition  accord¬ 
ing  to  claim  15  wherein  said  bum  rate  catalyst  is  present 
in  the  range  0.01  10  percent 
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[57]  ABSTRACT 

This  invention  relates  to  amino-substituted  guanidine 
decahydrodecaborates,  which  are  shown  to  be  novel 
boron-containing  salts  that  have  particular  utility  as 
high  energy  monopropellants.  The  invention  includes 
the  diamino-guanidinium  and  monoaminoguanidinium 
salts  of  decahydrodecaboric  acid,  and  as  preferred 
products  of  processes  for  preparing  same. 
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AMINO-SUBSTITUTED  GUANIDINE  SALTS  OF 
DECAHYDRODECABORIC  ACID 

CROSS-REFERENCE  TO  RELATED  5 

APPLICATIONS 

This  is  a  related  application  to  my  copending  applica¬ 
tion  of  common  assignment  entitled  BIS- 
TRIAMINOGUANIDINE  DECAHY- 

DRODECABORATE  AND  A  PROCESS  FOR  ITS  10 
PREPARATION,  filed  Jan.  24,  1977  and  assigned  Ser. 

No.  762,229. 

BACKGROUND  AND  BRIEF  DESCRIPTION  OF 

THE  INVENTION  U 

Boron  hydride  salts,  in  particular  the  non-metal  salts 
of  decahydrodecaboric  acid,  had  been  discovered  to 
have  particular  utility  in  the  field  of  high  energy  fuels. 
They  may  be  used  as  constituents  of  pyrotechnic  com¬ 
positions  olid  in  piopellants.  For  example,  non-metallic  ^ 
salts  of  the  decahydrodecaborate  ion,  and  exemplary 
uses,  are  disclosed  in  the  copending  applications  of 
common  assignment  entitled  IGNITION  AND  PYRO¬ 
TECHNIC  COMPOSITIONS,  Ser.  No.  694,625,  filed 
June  10,  1976,  and  COPRECIPITATED  PYRO-  25 
TECHNIC  COMPOSITION  PROCESSES  AND  RE¬ 
SULTANT  PRODUCTS,  Ser.  No.  694,626,  filed  June 
10,  1976. 

The  present  invention  teaches  new  non-metal  salts  of 
decahydrodecaboric  acid,  which  exhibits  stable  physi-  30 
cal  properties,  and  are  themselves  high  energy  mono- 
ph-f-c'l&uts.  Ihe  compounds  «a».  very  unusual  in  that 
they  contain  only  boron,  nitrogen,  carbon  and  hyrogen. 


No.  4,002,681.  This  simple  salt  was  found  to  be  useful  as 
a  high  energy  pyrotechnic  fuel,  and  was  by  itself  ther- 
mochemically  stable;  i.e.,  it  has  a  substantia]  negative 
heat  of  formation  as  commonly  defined  by  those  prac¬ 
ticed  in  the  art.  The  fully  amino-substituted  compound 
is  disclosed  in  my  copending  application  of  common 
assignment  entitled  BIS. 

TRIAMINOGUANIDINIUM  DECAHY¬ 

DRODECABORATE  AND  A  PROCESS  FOR  ITS 
PREPARATION,  Ser.  No.  762,229,  filed  Jan.  24,  1977. 
In  contast  to  the  simple  guanidine  salt,  the 
triaminoguanidine  salt  is  a  powerful  monopropellant; 
i.e.,  combusts  by  itself  releasing  internal  energy,  with¬ 
out  need  of  additional  oxidizer  materials. 

The  subject  of  the  present  invention  is  the  mono-  and 
diamino  substituted  guanidine  salts,  which  like  the 
triaminoguanidine  salts,  have  been  discovered  to  be 
monopropellants.  As  a  result,  the  compounds  taught 
herein  are  useful  as  monopropcllants  in  their  own  right, 
or  alter  naively,  can  be  used  with  additional  oxidizer  to 
modify  combustion  properties.  Specifically,  such  inor¬ 
ganic  oxidizing  agents  as  potassium  nitrate,  guanidine 
nitrate,  triaminoguanidine  nitrate  and  ammonium  per¬ 
chlorate  may  advantageously  be  employed,  in  concen¬ 
trations  from  0-90%,  by  weight. 

DETAILED  DESCRIPTION  OF  THE 
INVENTION 

The  aminoguanidinel'O  and  diaminoguanidineW  salts 
of  the  decahydrodecaborate  (-2)  ion  are  represented 
by  the  chemical  formulae  (CNHNH2(NH2)2)2B  inHio 
and  (CtNllNHi^NILjybijHio  respectively,  or  more 
accurately  by  the  structural  formulae: 


r  '  NH2 

|  + 

r  'r12  1 
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/  c  \ 
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BioHkT2 

nh  nh 

/  \ 

h2n  nh2 
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NH2  NH2  2 

B10H10- 


(A) 

but  no  oxygen. 

A  particular  objective  in  preparing  compounds  suit¬ 
able  for  certain  types  of  pyrotechnic  usage  is  to  achieve 
a  high  gas  output  and  low  molecularweight  combustion 
products,  when  the  compound  is  burned.  Combustion 
products  such  as  hydrogen  (H2)  and  nitrogen  (N2)  gas 
fuJilll  rLiip  :  1;  pftpark.g  sdte  nsJul  aS  pyro¬ 

technic  fuels  from  an  anion  such  as  decahydrodecabo¬ 
rate  (—2)  (B10H10-2),  it  has  been  found  advantageous 
to  use  a  cation  containing  a  high  weight  fraction  of 
atomic  nitrogen  and  hydrogen.  Cations  of  the  general 
formula  C(NHR)3  where  R  may  be  hydrogen  (H)  or  an 
amino  radical  ( — NH2)  are  found  to  be  such  cations.  In 
addition,  the  corresponding  Bronsted  bases  of  the  free 
kuiii*  lining  hue*  ihUi  imparting  to  cations  and 
therefore  the  salts  a  high  degree  of  chemical  stability. 

Other  decahydrodecaborate  (—2)  salts  employing 
guanidine  chemistry  have  been  previously  investigated 
by  the  present  inventor.  The  simple  guanidine  salt  is 
disclosed  in  my  earlier  application  BIS- 
GUANIDINIUM  DECAHYDRODECABORATE 
AND  A  PROCESS  OF  ITS  PREPARATION,  Ser. 
No.  694,627,  filed  June  10, 1976,  which  is  now  U.S.  Pat. 


(B) 


which  illustrate  the  rcfAjr.nnce  stvbilizmiuT.  'achieved  by 
50  protonating  the  free  bases  to  form  the  unipositive  ions. 

Both  of  the  salts  may  be  conveniently  prepared  by 
neutralizing  u,.e  mole  of  aqueous  decahydrodecaboric 
acid  HzBioHio,  with  two  moles  of  the  free  base  corre¬ 
sponding  to  the  desired  cation,  or  with  a  salt,  such  as  a 
55  carbonate,  of  the  cation,  which  is  degraded  during  the 
neutralization. 

The  aqueous  decahydrodecaboric  acid  wsed  us  n  Mart¬ 
ins  material  for  the  process  of  this  invention  is  conve¬ 
niently  prepared  by  passing  an  amine  or  metal  salt  of  the 
60  decahyJtodctaboraie  (—1)  ion  tnrougn  a  coiumn  con¬ 
taining  a  strongly  acidic  ion  exchange  resin  of  the  sul¬ 
fonic  acid  type,  such  as  a  DUOLITE  type  C-20,  manu¬ 
factured  by  the  Diamond  Shamrock  Corporation.  Pre¬ 
ferred  starting  salts  are  bis  (triethylammonium)  decahy- 
65  drodecaborate  (—2)  and  disodiura  decahydrodecabo¬ 
rate  (-2).  The  preparation  and  properties  of  the  aque¬ 
ous  acid  itself  are  known,  and  reference  may  be  made  to 
Knoth,  U.S.  Pat.  No.  3,148,939,  for  further  detail. 


4,164,513 


3 

The  free  base  of  the  desired  cation  may  be  prepared 
by  passing  a  chloride,  nitrate,  or  other  water  soluble  salt 
of  the  cation  through  a  column  containing  a  strongly 
basic  ion  exchange  resin  of  the  polystyrene  type,  such  as 
DOWEX  ®  2-X8.  5 

The  neutralization  reaction  yields  the  constituent  ions 
in  aqueous  solution.  The  salt  may  be  recovered  by  a 
variety  of  standard  methods,  for  example  by  evaporat¬ 
ing  the  solution  to  near  saturation  and  chilling,  or  by  1Q 
precipitating  the  salt  from  solution  with  a  nonsolvent. 

The  subjects  of  this  invention  are  useful  as  high  en¬ 
ergy  monopropellants  in  such  devices  as  electric  initia¬ 
tors  or  squibs,  or  as  ingredients  to  enhance  burning 
rates.  The  conn-  unds  may  be  mixed  with  additional  15 
materials  with  oxidative  power  to  modify  the  combus¬ 
tion  properties,  for  use  in  such  devices  as  pyrotechnic 
deflagrating  cords. 

Specific  reference  should  be  had  to  the  above-noted 
copending  application  entitled  IGNITION  AND  PY-  20 
ROTECHNIC  COMPOSITIONS,  Ser.  No.  694,625, 


incorporated  herein  by  reference,  for  examples  of  suit¬ 
able  and  preferred  species  of  oxidizing  agents  which  are 
useful  for  creating  a  pyrotechnic  mixture  with  the  par-  ^ 
ticular  boron-containing  salt  taught  herein.  While  the 
B10H10-2  anion,  a  bicapped  square  antiprism  polyhe¬ 
dral  ion,  has  unusual  stability,  it  is  significant  that  the 


present  ccmjwunds  achieve  a  resonance  stabilization  by 
protonating  a  free  substituted  guanidine  base  to  form  30 
the  unipositive  ion  comprising  the  cation.  Of  gi cater, 
and  perhaps  related,  significance  is  the  unexpected  re¬ 
sult  that  the  simple  salt  bis-guanidinium  decahy- 
drodecaborate,  had  a  substantial  negative  heat  of  forma¬ 
tion,  making  the  simple  salt  useful  as  a  high  energy  35 
pyrotechnic  fuel,  while  the  present  invention  exhibits 
compounds  having  substantial  internal  energy.  Hence, 
the  compounds  taught  herein  are  useful  alone,  as  mono¬ 
propellants,  or  optionally  are  capable  of  use  as  compo¬ 
nents  in  a  pyrotechnic  material,  through  mixture  with  40 
an  oxidizing  agent,  to  take  further  advantage  of  the 
unique  decomposition  properties  of  the  decahy¬ 
drodecaborate  (—2)  anion. 

The  unique  products  of  this  invention,  mono  and  45 
di-amino  substituted  guanidinium  decahydrodecabo- 
rates,  are  further  illustrated  by  reference  to  the  follow¬ 
ing  examples: 


EXAMPLE  I 

Bis-Aminoguanidinium  Decahydrodccaborate  (—2) 


Preparation 

One  hundred  fifty  (150)  milliliters  of  aqueous  decahy- 
drodecaboric  acid,  approximately  0.25  M,  is  neutralized 
directly  to  pK  7  with  solid  aminoguanidine  bicarbonate. 
Vigorous  evolution  of  carbon  dioxide  is  apparent.  The 
resulting  solution  is  slowly  poured  into  8  parts-by- 
volume  isopropanol,  with  vigorous  stirring.  A  white, 
fluffy  solid  precipitates  immediately.  The  precipitate  is  ^ 
filtered  and  washed  with  butyl  acetate.  The  salt  is  oven 
dried  at  60*  C.,  at  the  end  of  which  it  is  a  pink  color. 
Overall  yield  of  the  reaction  is  90%. 

Analysis 

The  B10H10-2  in  a  small  sample  of  the  compound  is  65 
oxidized  at  80’  C.  with  platinum  black  in  aqueous  solu¬ 
tion  to  boric  uwu.  bone  acid  cont-iit  of  the  dt 
graded  product  is  determined  by  titration  against  so- 
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dium  hydroxide  in  mannitol  solution.  Boron  content 
found:  38.9%.  Theoretical  content:  40.3%. 

The  infrared  spectrum  is  obtained  in  a  KBr  pellet 
incorporating  the  compound.  The  spectrum  between 
4000  and  800  cm-1  is  compared  with  spectra  of 
aminoguanidinium  nitrate  dihydrate  and  metallic  salts 
of  decahydrodecaboric  acid.  The  characteristic  peaks 
from  the  aminoguanidinium  ion  are  found  at  3400,  1700, 
1200  and  900'  cm-1;  _the  characteristic  decahy- 
drodecaborate  (—2)  ion  peaks  are  found  at  2470,  1080 
and  1030  cm-1. 

An  analysts  cf  vjlufion  conductivity  vs.  solution  con¬ 
centration  gives  a  conductivity  of  262  ohm-1  cm2  mo¬ 
le-1  at  infinite  dilution,  which  is  characteristic  of  a 
scmpoiind  eofutafog  ittfse  Lw.  sptxiet  befog  in 
organic  cation.  The  above  analyses  demonstrate  that 
the  recovered  product  is  the  desired  subject  of  the  in¬ 
vention. 


EXAMPLE  II 

Bis  N.N'Diaminoguanidinium  Decahydrodecaborate 
(-2) 

Preparation 

One  hundred  forty  (140)  milliliters  of  aqueous 
decahydrodecaboric  acid,  approximately  0.25  M,  is 
neutralized  directly  to  pH  7  with  N.N'diaminoguani- 
dine  free  base.  The  aqueous  free  base  is  obtained  by 
pasting  a  C.fe  M  solution  cf  N,N'dianur.ogua.nidinr  by 
drochloride  through  a  column  containing  DOWEX  ® 
2-X8  strongly  basic  ion  exchange  resin.  The  resulting 
solution  is  slowly  poured  into  8  parts-by-volume  isopro¬ 
panol,  with  vigorous  stirring.  A  white  precipitate  forms 
immediately.  The  precipitate  is  filtered  and  washed 
with  butyl  acetate,  and  oven  dried  at  60’  C.  A  white, 
fluffy  powder  is  recovered,  yield  approximately  80%. 

Analysis 

The  B10H10-2  in  a  small  sample  of  the  compound  is 
oxidized  at  80'  C.  with  platinum  black  in  aqueous  solu¬ 
tion  to  boric  acid.  The  boric  acid  content  of  the  de¬ 
graded  product  is  determined  by  titration  against  so¬ 
dium  hydroxide  in  mannitol  solution.  Boron  content 
found:  36.2%.  Theoretical  content:  35.9%. 

The  infrared  spectrum  is  obtained  in  a  KBr  pellet 
incorporating  the  compound.  The  spectrum  between 
4000  and  800  cm  - 1  is  virtually  a  superposition  of  spec¬ 
tra  of  N.N'diaminoguanidine  hydrochloride  and  metal¬ 
lic  salts  of  decahydrodecaboric  acid  with  some  minor 
shifting  due  to  lattice  efforts.  The  characteristic  peaks 
from  the  triaminoguanidinium.ion  are  found  at  3300, 
1700,  1390,  1200,  1000,  and  960  cm-1;  the  characteristic 
decahydrodecaborate  (—2)  ion  peaks  are  found  at  2470, 
1080  and  1030  cm-1. 

An  analysis  of  solution  conductivity  vs.  solution  con¬ 
centration  gives  a  conductivity  of  280  ohm-1  cm2  mo¬ 
le-1  at  infinite  dilution,  which  is  characteristic  of  a 
compound  containing  three  ions,  one  species  being  an 
organic  cation.  The  above  analyses  demonstrate  that 
the  recovered  product  is  the  desired  subject  of  the  in¬ 
vention. 


EXAMPLE  III 
Pyrotechnic  Characteristics 

The  pyrotechnic  utility  of  the  subject  compositions  is 
demonstrated  by  subjecting  the  materials  to  several 
standard  tests  ustd  to  ehstsetciizc  explvjsivcs  and  pyro¬ 
technics.  Results  are  summarized  in  Table  I. 
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IMPACT  EXPLOSION  AUTOIGNITION 


V  'RIAL 


iic 

iinium 


TABLE  I  15 

PYROTECHNIC  CHARACTERISTICS 

A  sample  of  the  compound,  is  subjected  to  an  impact 
drop  test,  consisting  of  placing  a  5  milligram  sample  of 
the  powder  on  a  400  grit  paper  disc,  and  releasing  a  2 
kilogram  weight  from  a  calibrated  height.  An  anvil  on 
the  weight  strikes  the  powder  sample.  The  release 
height  at  which  the  sample  fails  to  ignite  10  times  in 
succession  is  recorded  as  the  impacl  sensitivity  “no 
fire."  ,, 

The  heat  of  explosion  of  the  compound  is  measured  13 
by  igniting  a  sample  of  the  compound  in  a  closed  calo¬ 
rimeter  bomb  under  argon,  and  measuring  the  tempera¬ 
ture  rise  in  a  water  bath  surrounding  the  bomb.  The 
results  are  customarily  reported  in  calories  of  heat  liber- 
ated  per  gram  of  explosive. 

The  autoignition  temperature  of  the  compound  is 
measured  by  recording  the  temperature  at  which  the 
compound  will  not  spontaneously  ignite  within  5  sec¬ 
onds  when  placed  in  contact  with  a  hot  reservoir. 

The  data  in  Table  I  show  that  the  aminoguanidine  i3 
decahydrodecaborate  salt  is  a  relatively  sensitive  pyro¬ 
technic  composition  with  good  heat  output;  it  is  useful 
as  a  transfer  material  in  pyrotechnic  trains  or  as  a  burn¬ 
ing  rate  modified  in  propellants.  The 
N.N’diaminoguanidinium  decahydrodecaborate  salt  is  40 
very  sensitive,  with  caloric  output  over  four  times  that 
of  a  conventional  initiating  explosive  such  as  lead  azide. 

It  is  useful  as  a  new  type  of  initiating  (priming)  explo¬ 
sive,  and  as  well,  could  be  used  as  a  propellant  burning 
rate  modifier  when  suitably  combined  with  oxidizer. 
Both  compounds  are  stable  in  excess  of  200*  C.  as  evi¬ 
denced  by  differential  scanning  calorimeter  studies, 
which  is  of  substantial  benefit  to  high  temperature  ex¬ 
plosive  applications.  -50 

Obvious  modifications  and  equivalents  within  the 
present  invention  will  appear  to  those  of  ordinary  skill 


in  the  art,  and  the  present  invention  is  to  be  defined 
solely  by  the  scope  of  the  appended  claims. 

I  claim: 

1.  The  monoaminoguanidinium  salt  of  decahy- 
drodecaboric  acid,  having  the  formula 
(CNHNH2(NH2)2)2BioH!o. 

2.  The  monoaminoguanidinc  salt  of  the  decahy¬ 
drodecaborate  (-2)  ion  as  represented  by  the  structural 
formula: 


h2n  '  nh2  U 

wherein  reson mce  stabilization  is  achieved  by  protonat- 
ing  a  free  guanidine  base  to  form  the  unipositive  ion. 

3.  The  diaminoguanidine  salt  of  decahydrodecaboric 
acid,  having  the  formula  (C(NHNH2)2NH2)2B|oH,o. 

4.  The  diaminoguanidine  salt  of  the  decahy¬ 
drodecaborate  (—2)  ion  as  represented  by  the  structural 
formula: 


wherein  resonance  stabilization  is  achieved  by  protonat- 
ing  a  tree  substituted  guanidine  base  to  form  the  uniposi¬ 


tive  ion. 
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COMPOSITIONS  OF  BIS-TRIAMINOGUANIDINE 

dkcaiiydrodecaborate  and  tagn 

CROSS-REFERENCE  TO  RELATED 
APPLICATIONS: 

Hus  application  is  a  division  of  my  application  enti¬ 
tled  NOVE1  TRIAMINOGUANIDINE  NITRATE 
PROPELLANTS  AND  IGNITION  COMPOUNDS, 


exemplary  uses,  are  disclosed  in  the  copending  applica¬ 
tion  of  common  assignment  entitled  IGNITION  AND 
PYROTECHNIC  COMPOSITIONS,  Ser.  No. 
694,625,  filed  June  10,  1976,  now  abandoned.  For  these 
compositions,  in  general,  the  ratio  of  decahydrodecabo- 
rate  fuel  to  oxidizer  was  fixed  within  certain  defined 
limits  in  order  to  achieve  acceptable  pyrotechnic  per¬ 
formance. 

The  particular  decaViydrotlecaboTatt  twl  uted  tr,  cas 


fr(  No  LS5^Tf,itTNolG22  ' |977  now  US  Pac  No.  -invention  is  the  fully  Substituted  compound, 
Ser.  No.  853.917.  tiica  rvov.  ll,  ijii,  ho  _  . .  • mv  mnendne  patent  application 


4,108,697,  which  in  lum  is  a  continuation-in-part  of  my 
earlier  copending  application  of  common  assignment 
puled  lUS-TR  I  A. MI  NOGUANIDINE  DECAHY- 

DRODECAHORATE  and  a  process  for  its 


til  VUIllion  IX  - - J  -  - 

which  is' disclosed  in  my  copending  patent  application 
of  common  assignment  entitled  BIS- 
TRIAMINOGUANIDINIUM  DECAHY- 

DRODECABORATE  AND  a  PROCESS  FOR  ITS 

_ _  — .  .t  t  1  aA  rnc  - — ^ 


mnnprA  HO  RATE  AND  A  PKLHJfcM  run  no  ukuulladuivaid  ^  . 

rSarAiON,  filed  January  24,  1977,  Ser.  No.  15  PREPARATION,  U.S.  Pat.  No.  4,130,585,  incorpo 

^  '  .  -  „  coc  1 _ •  u.,  Tn  ^nntrnct  to  Other  SimDH 


v  r  A  K  A  l  IUt,  llicu  .laiium  y  t^t-t  -  ’  . 

761  ”9  and  now  U.S.  Pat.  No.  4,130,585.  rated  herein  by  reference.  In  contrast  to  other  simple 

decahydrodecaborate  salts,  the  triaminoguamdine  salt  is 
BACKGROUND  AND  BRIEF  DESCRIPTION  OF  &  rful  monopropellant;  i.e.,  combusts  by  itself  re- 
THE  INVENTION  leasing  internal  energy,  without  need  of  additional  oxi- 

Thc  present  invention  describes  a  family  of  new  and  20  dizer  materials.  The  compound  is  very  unusual  in  that  it 
.  cesnsnAcitiAnc  nrnnpllants  based  on  — nin;n<.  rs 1 1 /  Knmn  nitroopn.  carbon  and  hvdroEen, 


unique  pyrotechnic  compositions,  propellants  based  on 
them,  and  a  method  of  preparing  same.  The  basic  com¬ 
positions  consist  of  mixtures  or  coprecipitates  of  bis- 
irianiinoguamdinium  decahydrodecaborate  and 
triaminoguamdine  nitrate,  in  any  proportions. 

A  particular  objective  in  preparing  compounds  suit¬ 
able  for  certain  types  of  pyrotechnic  usage  is  to  achieve 
a  high  gas  output  and  low  molecular  weight  combustion 

products,  when  the  compound  is  burned.  Combustion 
1  _  /YJ_\  nifrrVYAn  (Nil 


contains  only  boron,  nitrogen,  carbon  and  hydrogen, 
but  no  oxygen. 

The  advantage  of  the  chemical  svstem  formed  by 
25  combining  the  two  monopropellants  is  that  they  can  be 
mixed  in  any  proportion  and,  as  well,  both  possess  the 
triaminoguamdine  ion  as  a  common  cation. 

The  preferred  method  of  preparing  a  compound  with 
a  given  stoichiometry  consists  of  dissolving  the  two 


producis,  w  hen  the  compound  is  burned.  Combustion  starting  salts  in  water  and  rapidly  precipitating  the  con- 

products  such  as  hydrogen  (H2)  and  nitrogen^lN2j  g  stituent  ions  simultaneously  with  a  nonsolvent  such  as 


ruirm  tills  ,  CHuim.rcrt.  hi ***  «*•  M  «  ^ro- 
tcchnic  monopropellants  and  oxidizers  from  an  anion 
such  as  decahydrodecaborate  (-2)  (B10H10  2)  or  ni¬ 
trate  (NOi-).  it  has  been  found  advantageous  to  use  a 


aiai  11115  - - 1 - «»  *  ■  — 

stituent  ions  simultaneously  with  a  nonsolvent  such  as 
isopropanol.  1  ne  aetailed  methudulog,  101  this  [  Toecss, 
known  as  ‘‘coprecipitation”,  has  been  disclosed  in  my 

copending  application  entitled  COPRECIPITATED 
1 _ r _ _  «rtnnAPiTtAXT  norvr'rocrc 


trate  (NOr).  "  has  been  found  advantageous  to  use  a  pYFROTECHNIC  COMPOSITION  PROCESSES 
cation  containing  a  high  weight  fract,on  .  ANin  RFSiriTANT  PRODUCTS,  Ser.  No.  694,626, 


Lamm  “  *“0“  - ®  .  . 

trtigen  and  hvdrogen.  The  triaminoguanidimum  ion, 
chemical  formula  C  (NHNH2)3+ has  been  found  to  be 
such  a  cation.  In  addition,  the  corresponding  Bnjinsted 
base  of  the  ion.  free  triaminoguamdine,  is  a  strong  base, 

_ i  iLnn  «V. «  (.nit  o  Vs t  rrVs 


1  J.XW  *  JUV/aa.  S.  —  — - - 

AND  RESULTANT  PRODUCTS,  Ser.  No.  694,626, 
filed  June  10,  1976  now  U.S.  Pat.  No.  4,135,956.  This 
process  for  preparing  the  subject  compositions  makes 
use  of  the  triaminoquanidinium  cation  which  is  common 

.  •  1 _ _ a rtf  f tuin  colic 


h of  the  ion.  tree  tnaminoguamaine,  ib  a  auuug  uaov,  uat  . . .  , 

which  imparts  to  the  cation,  and  thus  the  salt,  a  high  40  to  both  starting  salts,  and  coprecipitates  of  the  two  salts 
rt  .  i  .  racnit  ir»  uprv  intimate  mixing  of  the  Binriio  ana 


l/UUI  J.U.  Mlip  - - —  I  1  . 

rtf  Chemical  stability.  result  in  very  intimate  mixing  of  the  BioHio'  2  and 

Triaminoguamdine  nitrate,  (NllNHijjCNOj,  also  NOy-  aniotA  which  helps  impart  to  the  -*,ult.n€  corn- 

known  to  those  practiced  in  the  art  as  TAGN,  has  been  positions  very  reproducible  pyrotechnic  performance, 
found  to  have  particular  usefulness  as  an  oxidizer  in  BRIEF  DESCRIPTION  OF  THE  DRAWINGS 

certain  classes  of  propellants.  It  is  by  itself  a  slow,  cool  45  BKlfch 

burning  monopropellant  with  high  gas  output.  One  of  FIG.  1  is  a  graph  showing  the  heat  of  explosion  ot  the 
the  most  serious  drawbacks  with  the  use  of  TAGN  is  subject  composition  as  a  function  of  the  decahy- 

the  control  of  burning  rate  of  the  neat  material,  as  well  drodecaborate  salt  content. 

as  propellants  containing  it.  FIG.  2  illustrates  a  conventional  pressure  cartridge 

This  invention  describes  compositions  employing  50  for  testjng  the  material,  as  according  to  Example  V. 

TAGN  as  a  starting  material  tto  have  W™**™  DETAILED  DESCRIPTION  OF  THE 

performance  superior  to  pure  LAOtN,  1  INVENTION- 

ergy  and  gas  output  and  burning  rate  control.  In  partic-  11s  v uin  • 

ular.  very  fast  burning,  high  energy  propellants  can  be  General  Information 

manufactured  from  them.  The  subject  compositions  55  compositions  of  this  invention  are  described  by 

com,,,  of  very  Inornate  blend,  0,  ■  <*  -  th™„S  chenueal  fon»«l. 

ultrafast  deflagrating  monopropellant,  namely  the  b 

tnaminoguantdtnium  salt  of  decahydrodecabonc  acid,  x[(NHNH2)jCN03H1-x)  [(NHNH2)3C)2BioH|0] 

with  TAGN.  The  resulting  compositions,  which  can  be 

prepared  over  a  wide  range  of  the  constituent  anion  60  x  can  vary  between  0.01  and  0.99.  Preferred 

content,  have  pyrotechnic  properties  wholly  unlike  the  compositions  have  a5  <  x  <0.99. 

starting  salts.  .  .  ,  The  subject  compositions  are  prepared  by  blending 

Historically,  boron  hydride  salts  m  P^ncuUr  the  ^  comb  Jng  the  starting  salts: 
nonmetal  salts  of  decahydrodecabonc  ac: id,  has  bee  bis-triaminoguanidinium  decahydrodecaborate 

discovered  to  have  particular  utility  in  the  field  of  high  65  V  )  ^  ,  H  d 

energy  fuels.  They  may  be  used  as^tue^ym-  ft(  nitrate  CTAGN), 

technic  compositions  ana  tii  propenains.  r  -  *  CNHNHiiiCNOs 

non-metallic  salts  of  the  decahydrodecaborate  ion,  and  (NHNH2J3CNO3 


DETAILED  DESCRIPTION  OF  THE 
INVENTION: 

General  Information 

The  compositions  of  this  invention  are  described  by 
the  general  chemical  formula 

x[(NHNH2)3CN031-(1  - *)  [(NHNH2)3C)2B|oH,ol 


compositions  have  0.5  <  X  <0.99. 

The  subject  compositions  are  prepared  by  blending 
or  combining  the  starting  salts: 

(a)  bis-triaminoguanidinium  decahydrodecaborate 
(-2),  [(NHNH2)3C]2BioHio,  and 

triaminoguanidine  nitrate  (TAGN), 
(NHNH2)3CN03 


4,172; 


in  such  a  manner  as  to  achieve  very  intimate  mixing,  A 
coprecipitation  process,  as  will  be  described  below,  is  a 
preferred  method  of  preparing  the  compositions. 

TAGN 

The  triaminoguanidine  nitrate,  which  is  classified  for 
shipping  purposes  as  “Explosive,  Class  A”,  can  be  ob¬ 
tained  from  several  commercial  sources,  but  may  be 
conveniently  prepared  in  the  laboratory  according  to 
the  reaction: 


C(NH2)3N03  +  3N2H4-: 


>C(N2Hj)3N03  +  INHj 


In  this  method,  1  part-by-weight  guanidine  nitrate 
[(NHzbCNOj],  2.3  parts-by-weight  hydrazine  hydrate 
(N2H4  H2O),  2.4  parts-by-weight  water,  and  0.5  parts- 
by-weight  nitric  acid  (HNOj,  90%)  are  combined  in  a 
suitable  vessel  and  heated  to  80°-85"  C.  Heating  is  main-  20 
tained  for  two  hours,  with  dry  nitrogen  (N2)  bubbled 
through  the  mixture.  The  solution  is  cooled  and  allowed 
to  stand  for  8  hours,  after  which  period  the 
triaminoguanidine  nitrate  is  recovered  as  a  white  pre¬ 
cipitate.  The  product  may  be  purified  by  recrystalliza¬ 
tion. 


product  precipitates  and  the  undesired  ions  remain  in 
solution. 

The  detailed  preparation  and  properties  of  the  bis 
triaminoguanidine  decahydrodecaborate  salt,  which  is 
by  itself  useful  as  a  pyrotechnic  monopropellant,  are 
given  in  my  copending  patent  application,  U.S.  Pat.  No. 
4,130,585,  as  referenced  above. 

Preparation  of  Subject  Compositions  via  Physical 
Blending 

The  compositions  of  this  invention  may  be  prepared 
by  intimately  mixing  the  finely  divided  constituents  by 
hand  or  in  conventional  mixing  equipment.  A  liquid 
carrier  such  as  butyl  acetate  or  trichloroethylene  may 
be  employed  to  facilitate  mixing  or  addition  of  binder; 
the  liquid  is  subsequently  evaporated  to  yield  the  dry 
composition.  The  physical  blending  process,  in  general, 
and  as  applicable  to  other  decahydrodecaborate  salts 
and  oxidizers,  is  described  further  in  the  copending 
applicatior  of  common  assignment,  Ser.  No.  694,625,  as 
referenced  above. 


Bis-triaminoguanidinium  Decahydrodecaborate 

The  bis-triaminoguanidine  decahydrodecaborate  salt  jq 
may  be  prepared  by  neutralizing  one  mole  of  aqueous 
decahydrodecaboric  acid,  H2B10H10,  (or  as  the  hydro- 
nium  form,  (HjO+)2BioHio-2),  with  two  moles  of  the 
aqueous  free  base  [C(NHNH)2]2(NNH2). 

The  aqueous  decahydrodecaboric  acid  used  as  a  start-  -j5 
ing  material  for  the  process  of  this  invention  is  conve¬ 
niently  prepared  by  passing  &  a  amine  or  metal  salt  of  the 
decahydrodecaborate  (—2)  ion  through  a  column  con¬ 
taining  a  strongly  acidic  ion  exchange  resin  of  the  sul¬ 
fonic  acid  type,  such  as  a  DUOLITE  type  C-20,  manu-  40 
factured  bv  the  Diamond  Shamrock  Corporation  Pre¬ 
ferred  starting  salts  are  bis  (triethylammonium)  decahy¬ 
drodecaborate  (—2)  and  disodium  decahydrodecabo¬ 
rate  (—2).  The  preparation  and  properties  of  the  aque¬ 
ous  acid  itself  are  knowm,  and  reference  may  be  made  45 
to  KNOTH,  U.S.  Pat.  No.  3,148,939,  for  further  detail. 

The  free  base  of  triaminoguanidine  may  be  prepared 
by  passing  a  chloride,  nitrate,  or  other  water  soluble  salt 
of  triaminoguanidine  through  a  column  containing  a 
strongly  basic  ion  exchange  resin  of  the  polystyrene  50 
type,  such  as  DOWEX'R2  — X8,  manufactured  by  the 
Dow  Chemical  Company  of  Midland,  Michigan. 

The  neutralization  preparation  where  the  concentra¬ 
tions  of  the  reacting  aqueous  solutions  are  approxi¬ 
mately  0.3  molar,  results  in  an  immediate  precipitation  55 
of  the  desired  product.  Upon  filtering,  washing  with 
cold  water,  purification  by  recrystallization  or  re- 
precipitation  in  isopropanol,  and  washing  with  butyl 
acetate  (to  aid  in  drying)  a  brilliant  white  powder  with 
a  prilled  appearance  is  recovered,  which  can  be  demon-  60 
straced  to  be  the  subject  compound  of  a  purity  exceed¬ 
ing  97%. 

Other  preparative  methods  employing  simple  metath¬ 
esis  are  obvious.  For  example,  the  product  could  be 
recovered  by  mixing  aqueous  solutions  of  salts  contain-  65 
ing  the  substituent  ions,  such  as  aqueous  triethylam¬ 
monium  decahydrodecaborate  and  aqueous 
liwniitiugWKiMhie  hydfochloride,  ssal  Ihfe  the  desired 


General  Description  of  the  Coprecipitation  Process 

In  general,  the  physical  blends  of  oxidizer  with  the 
i  decahydrodecaboric  acid  salts,  as  described  in  the  co¬ 
pending  application,  Ser.  No.  694,625,  noted  above, 
suffer  from  several  deficiencies  inherent  in  the  physical 
blend  properties  and  processing  technique.  When  used 
as  a  confined  column  delay,  in  a  lead  sheath,  for  exam¬ 
ple,  the  bum  rates  may  be  unreproducible,  and  the  col¬ 
umn  fails  to  propagate  below  a  certain  critical  distribu¬ 
tion  of  the  mixture  in  the  tube.  The  stoichiometry  of  a 
physical  blend  is  always  subject  to  point-to-point  varia¬ 
tions  due  to  blending  techniques,  settling  and  separation 
of  the  separate  ingredients,  and  particle  size  distribu¬ 
tions  of  the  constituent  materials. 

A  method  is  thereby  needed  to  produce  a  composi¬ 
tion  with  very  uniform  composition,  in  which  the  fuel 
anion  and  oxidizer  are  in  very  intimate  contact,  and 
which  is  very  reproducible  in  manufacturing  techniques 
from  lot  to  lot.  It  lias  been  discovered  that  such  an 
intimate  mixture  can  be  obtained  if  the  decahy¬ 
drodecaborate  (—2)  anion  is  mixed  in  the  crystal  lattice 
with  the  oxidizing  agent,  in  this  case  a  nitrate  ion,  and  if 
crystals  containing  the  respective  ions  and  oxidizing 
agents  are  intimately  intertwined. 

The  process  by  which  the  compositions  of  the  refer¬ 
enced  invention  are  prepared  produces  a  very  intimate 
blend  of  decahydrodecaborate  (—2)  ion  with  the  oxi¬ 
dizer,  and  makes  the  compositions  so  prepared  chemi¬ 
cally  and  physically  unique  from  physical  blends  of 
decahydrodecaborate  (-2)  salts  with  oxidizer  or  pyro¬ 
technic  compositions  incorporating  decahydrodecabo¬ 
rate  (-2)  salts  produced  by  other  means.  In  general,  the 
process  consists  of  dissolving,  in  a  suitable  solvent,  a 
decahydrodecaborate  (-2)  salt,  and  also  dissolving,  in 
the  same  solution,  the  oxidizing  agent.  The  subject  com¬ 
position  is  recovered  by  precipitating  the  composite 
ingredients  of  the  solution  with  a  suitable  nonsolvent. 
The  resulting  solid,  after  filtration  and  drying,  com¬ 
prises  an  intimate  mixture  of  the  decahydrodecaborate 
(—2)  anion  with  the  oxidizing  cation  or  substance,  in  a 
form  that  is  chemically  and  physically  different  than  the 
starting  materials. 

The  process  may  be  properly  called  a  “cocrystalliza¬ 
tion  or  “coprecipitation”  and  the  resulting  product  a 
"cocrystallate”  or  “coprecipitate”.  The  detailed  re- 
qnnementi.  and  description  of  ,ne  process  is  given  in  the 
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to 


copending  application  of  common  assignment,  entitled 
COPRECIPITATED  PYROTECHNIC  COMPOSI¬ 
TION  PROCESSES  AND  RESULTANT  PROD¬ 
UCT'S.  filed  June  10,  1976  and  now  U.S.  Pat.  No. 
4,135,956.  and  is  inccrporated  herein  by  reference. 

Preparation  of  Subject  Compositions  via 
Copi-cipitation 

The  coprecipitation  process  is  a  preferred  method  of 
preparing  compounds  of  this  invention.  In  the  general 
method,  the  requisite  quantities  of  the  salts  (a)  bis- 
maminoguanidimum  decahydrodecaborate  (—2),  and 
(b)  fAGN,  are  dissolved  in  hot  water  at  approximately 
70"  C.  A  preferred  solution  concentration  is  approxi-  )5 
mately  0  3-0. 1  molar  in  BioHio-2,  due  to  the  relatively 
low  solubility  of  the  salt  (a).  The  ions  in  the  hot  solution 
are  precipitated  by  rapidly  mixing  one  pai  t-by-volume 
of  the  hot  solution  with  five  parts-by-volume  isopropa¬ 
nol  (anhydrous),  in  an  apparatus  and  via  the  method  20 
described  in  the  above-noted  U.S.  Pat.  No.  4,135,956. 
The  resulting  precipitate  is  filtered,  washed  in  butyl 
acetate,  and  dried,  to  yield  a  white,  fluffy  powder. 
Where  small  quantities  of  the  subject  compositions  are 
desired,  for  example  150  grams  or  less,  satisfactory  25 
results  can  be  obtained  by  effecting  the  rapid  precipita¬ 
tion  by  hand,  i.e.,  slowly  pouring  the  hot  solution  into  a 
pot  containing  rapidly  stirred  isopropanol. 

The  resulting  product  contains  stoichiometrically  the 
substituent  ions  from  starting  salts  (a)  and  (b),  but  in  30 
different  chemical  environments  than  in  the  starting 
salts.  Specifically,  there  is  interlattice  and  intercrystal¬ 
line  mixing  of  the  substituents,  notably  the  B|0H|0-2 
and  NOj  -  ions,  a  chemical  state  not  obtainable  by  phys-  3J 
ical  blending.  This  state  mixing  results  in  compositions 
with  more  uniform  and  predictable  burning  than  com¬ 
positions  obtained  by  other  methods  of  combining  the 
ingredients. 

The  choice  of  the  ratio  of  starting  salt  (a)  to  starting  40 
salt  (b)  depends  on  the  application  requirements.  A 
unique  and  exceptionally  useful  feature  of  the  subject 
compositions  is  that  salts  (a)  and  (b)  may  be  combined  in 
virtually  any  proportions,  although  compositions  con¬ 
taining  50%  cr  more  by  weight  triaminoguanidine  ni¬ 
trate  arc  prr  Ted  for  economic  reasons.  The  pyrotech¬ 
nic  performance  and  utility  of  the  composition  system  is 
illustrated  by  FIG.  1,  which  shows  the  heat  of  explosion 
of  the  subject  compositions  as  a  function  of  the  decahy¬ 
drodecaborate  salt  (a)  content.  This  curve  (FIG.  1)  was  50 
generated  by  preparing  physical  blends  of  salts  (a)  and 
(b)  in  the  proportions  indicated,  and  igniting  a  sample  of 
the  composition  in  a  closed  Parr  bomb  in  an  argon 
atmosphere.  The  heat  of  reaction,  or  more  commonly 
termed  by  those  practiced  in  the  art  "heat  of  explosion”,  55 
is  derived  by  measuring  the  temperature  rise  in  a  water 
bath  surrounding  the  reaction  vessel.  This  heat  of  explo¬ 
sion  as  a  function  of  decahydrodecaborate  salt  (a)  con¬ 
tent  is  a  smooth,  monotonically  increasing  function  to  at  gQ 
least  50%  byweight  salt  (a),  starting  at  940  cal/g  (pure 
TAGN)  and  approaching  1325  cal/gram  (pure  bis- 
triaminoguanidinium  decahydrodecaborate).  Co¬ 
precipitates  of  salts  (a)  and  (b),  as  indicated  on  FIG.  1, 
have  heats  of  explosion  very  near  that  derived  for  phys¬ 
ical  blends,  indicating  that  no  significant  change  in 
burning  mechanism  accompanies  the  coprecipitation 
process. 


Application  of  The  Subject  Compositions 

The  subject  compositions  can  be  used  per  se  as  igni¬ 
tion  compounds  mixed  with  other  ingredients,  or  manu¬ 
factured  into  propellants.  Other  additives  may  be  em¬ 
ployed  to  alter  the  processing,  handling,  or  other  prop¬ 
erties  of  the  mix.  These  are  known,  per  se,  and  may 
include  binders  such  as  casein,  guin  arabic,  dextrins, 
waxes,  polymeric  materials  such  as  polyurethanes,  ep¬ 
oxies,  natural  or  synthetic  rubbers,  copolymers  or  a 
rubbec  and  plastic  such  as  styrenebutadiene,  methyl 
cellulose,  and  nitrocellulose.  Polyethylene  glycol  of 
average  molecular  weight  4000  is  a  preferred  known 
additive.  These  ingredients  are  commonly  used  in  con¬ 
centrations  up  to  8%  by  weight. 

A  major  usage  of  the  subject  compositions  in  in  ultra 
high  burn  rate  propellants,  where  the  coprecipitated 
composition  is  used  as  a  major  fraction  of  the  solids 
content  of  the  propellant.  These  propellants  and  meth¬ 
ods  for  their  preparation  are  further  described  in  the 
copending  application  of  common  assignment  entitled 
HIGH  BURNING  RATE  PROPELLANTS  WITH 
COPRECIPITATED  SALTS  OF  DECAHY- 
DRODECABORIC  ACID,  Ser.  No.  707,810,  now 
U.S.  Pat.  No.  4,138,282.  When  used  in  accordance  with 
the  formulations  taught  in  the  aforementioned  disclo¬ 
sure,  the  subject  propellants  would  have  the  general 
formula: 


Probable 

Range, 


1. 

Polymeric  binder  system 

8-35 

2. 

Curing,  polymerizing,  or  cross-linking  agents 

0-10 

3. 

Plasticizing  agents 

0-25 

4. 

Pure  decahydrodecaborate  salts 

0-25 

5. 

Coprecipitated  triaminoguanidine  nitrate/bis 

triaminoguanidinium  decahydrodecaborate 

35-90 

6. 

Energetic  fuels,  such  as,  but  not  limited  to, 

finely  divided  aluminum 

0-10 

7. 

Oxidizer  or  mixture  of  oxidizers  to 

supplement  (5) 

0-15 

8. 

Other  inert  ingredients,  such  as  colorants, 

— 

stabilizers. 

0-10 

45 


"Die  unique  products  of  this  invention,  and  representa¬ 
tive  usages  are  further  illustrated  by  the  following  Ex¬ 
amples. 

EXAMPLE  I 

1.5  grams  bis-triaminoguanidinium  decahy¬ 
drodecaborate  and  8.5  grams  triaminoguanidine  nitrate 
are  dissolved  in  100  milliliters  deionized  water  at  50”  C. 
The  ingredients  are  rapidly  precipitated  by  pouring  into 
500  ml  stirred  anhydrous  isopropanol.  A  white  powder 
precipitates  immediately,  and  is  recovered  by  filtration, 
washed  in  the  filter  with  n-butyl  acetate,  and  dried  in  an 
oven  at  60”  C. 

A  series  of  standard  pyrotechnic  characterization 
tests  are  run  on  the  dried  powder;  results  are  summa¬ 
rized  in  Table  I. 

TABLE  I 


PARAMETER 

EX. 

I 

EX. 

II 

EX 

III 

65  method  of  manufacture 

hand 

lab  copre¬ 
cipitator 

hand 

%  bis-triaminoguanidinium 
decahydrodecaborate 

15 

15 

25 

heat  of  explosion,  cal/gram1 

1129 

1089 

1159 

4,172,743 
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TABLE  I-continued 


PARAMETER 

EX. 

I 

EX. 

II 

EX. 

Hi 

impact  sensitivity,  cm2 

8 

6 

— 

electros!  tic  sensitivity,  milliioules3 

— 

>225 

— 

autoignition  temperature,  *C.4 

250 

240 

247 

true  density  (g/cc) 

1.46 

1.38 

1.60 

‘Pirr  Bomb  under  irgon  « 

^Enclosed  Buretu  of  Mines  loot,  J  kg  drop,  no  grit. 

J2  electrode.  0.020  inch  gup.  open  cup,  500  pF  capacitor,  no  resistor. 

*1  sec  Woods  meul  bath  10 


8 

dally  higher  than  either  nitramine  propellants  currently 
known  or,  as  well,  nitrocellulose  propellants.  Primary 
combustion  products  after  expansion  are  (in  units  of 
moles/lOOg): 

H2:  2.5 
N2:  2.1 
CO:  0.5 
H20:  0.23 
B203:  0.22 

EXAMPLE  V 


EXAMPLE  II 

22.5  grams  bis-triaminoguanidine  decahydrodecabo- 
rate  and  126.4  grams  triaminoguanidine  nitrate  are  dis-  15 
solved  in  250  ml  deionized  water  at  50°  C.  The  hot 
solution  was  charged  into  a  laboratory  model  co¬ 
precipitator,  as  described  in  application  Ser.  No. 
694,626.  the  product  is  obtained  by  precipitation  with  5 
times  the  solution  volume  of  anhydrous  isopropanol;  20 
flow  rates  of  200  cc/min  of  the  solution  and  1000 
cc/min  isopiopanol,  with  a  mixing  head  gap  of  0.030 
inches  are  used.  The  resulting  product  is’  recovered  in  a 
filter,  washed  with  butyl  acetate,  dried  at  60°  C.,  and 
spatulated.  25 

Pyrotechnic  characteristics  of  the  resulting  composi¬ 
tion  are  also  given  in  Table  I,  above. 

EXAMPLE  III 

28.3  grams  bis-triaminoguanidinium  decahy-  30 
drodecaborate  and  85  grams  triaminoguanidine  nitrate 
are  dissolved  in  1000  ml  deionized  water  at  60’  C.  The 
hot  solution  is  poured  slowly  into  a  stainless  pot  con¬ 
taining  5000  ml  anhydrous  isopropanol  agitated  with  a 
high  speed  stirring  apparatus.  The  resulting  precipitate  35 
is  filtered,  washed  with  butyl  acetate  in  the  filter,  dried 
24  hours  at  125°  F.,  and  spatulated. 

Pyrotechnic  characteristics  of  the  resulting  composi¬ 
tions  are  also  given  in  Table  I,  above. 

EXAMPLE  IV  40 

A  free  energy  minimization  thermochemical  analysis, 
as  commonly  performed  by  those  practiced  in  the  art,  is 
run  on  a  hypothetical  composition  comprising  15%-by- 
weight  bis-triaminoguanidinium  decahydrodecaborate  45 
and  85%-by-weight  triaminoguanidine  nitrate,  repre¬ 
sentative  of  the  compositions  produced  as  Examples  I 
and  II.  Representative  combustion  parameters  of  the 
composition  burning  in  a  chamber  at  1000  psi  and  ex¬ 
hausted  through  a  nozzle  are  given  in  Table  II.  The  50 
propellant  has  low  flame  temperature  and  very  high  gas 
output. 

TABLE  II 


COMBUSTION  PARAMETERS  OF  15%-BY-WEIGHT 
BIS-TRIAMINOGUANIDINUM 
DECAHYDRODECABORATE  AND 
85%-BY-WEIGHT  TAGN 

55 

PARAMETER 

1000  psi  EXPANDED 

Specific  impulse  (ft-lb/lb) 

0 

245 

Specific  impulse  (vacuum,  f  Ib/lb) 

0 

264 

60 

Flame  temperature  (isob» .  ,c,  ’K.) 

2103 

986 

Gamma 

1.26 

1.28 

Flame  temperature  (isochoric,  "K.) 

2650 

1262 

Gas  output  (moles/ lOOg) 

5.66 

5.45 

Gas  molecular  weight 

15.9 

15.5 

Product  molecular  weight 

17.7 

18.4 

_  61 

Used  as  a  gun  propellant,  the  impetus  of  the  system 
(without  binder)  is  416,000  (ft-lb/lb),  which  is  substan- 


The  utility  of  the  subject  compositions  as  very  high 
pressure-producing  compositions  is  illustrated  by  load¬ 
ing  approximately  100  milligrams  of  the  subject  compo¬ 
sitions  into  a  closed  pressure  cartridge  of  a  well-kr.own 
type  as  shown  in  FIG.  2,  and  firing  the  pressure  car¬ 
tridge  in  a  10  cc  closed  bomb.  The  pressure  in  the  bomb 
is  measured  by  a  fast  response  transducer  and  recorded 
as  a  function  of  time.  The  pressure  cartridge  consists  of 
an  exploding  bridgewire  mounted  in  a  suitable  cartridge 
case.  The  bridgewire  is  primed  with  a  53  mg  of  an  initi¬ 
ating  pyrotechnic  powder.  The  subject  composition  is 
loaded  into  the  cartridge  over  the  priming  load,  and  the 
cartridge  closed  with  a  crimped  or  welded  cap.  The 
function  time  of  the  compositions  is  taken  as  the  time 
between  the  application  of  current  to  the  bridgewire  to 
the  peak  pressure. 

When  tested  in  this  manner,  96  mg  of  the  composition 
from  Example  II  produces  a  peak  pressure  of  1600  psi  in 
4  milliseconds.  By  contrast,  to  produce  a  comparable 
pressure  rise,  120  g  of  a  commonly  used  high  speed 
composition,  [consisting  of  22  parts-by-weight  finely 
divided  zirconium,  17.5  parts-by-weight  potassium  per¬ 
chlorate,  1.7  parts-by-weight  binder,  and  58  parts-by- 
weight  “Hi  Temp”  (Hercules  Powder  Co.,  an 
RDX/wax  composition)]  is  required. 

EXAMPLE  VI 

The  utility  of  the  subject  compositions  when  used  in 
a  propellant  described  in  the  copending  application  of 
common  assignment  entitled  HIGH  BURNING  RATE 
PROPELLANTS  WITH  COPRECIPITATED 
SALTS  OF  DECAHYDRODECABORIC  ACID, 
filed  July  22,  1976  and  assigned  Ser.  No.  707,810,  is 
illustrated  by  preparing  a  propellant  with  the  following 
formulation: 


Composition  from  Example  II  :  70% 

Nitrocellulose  (12.6%N)  :  17% 

Dinitrotoluene  :  7% 

Acetyl  Tributyl  Citrate  :  6% 


The  propellant  ingredients  are  slurried  in  a  75%-by- 
volume  ethanol/25%-by-volume  butyl  acetate  solvent 
and  charged  into  a  one-pint  Baker  Perkins  sigma  blade 
dough  mixer.  The  solvent  is  removed  under  vacuum  at 
120°  F.  and  a  thick  dough  obtained.  The  dough  is  ex¬ 
truded  into  j  inch  diameter  burning  rate  strands  using  a 
6-inch  air  operated  press  and  1-inch  barrel  extruder. 
Further  drying  at  120°  F.  for  several  weeks  follows. 

The  strands  are  fired  in  a  closed  bomb  strand  burner, 
as  commonly  used  by  those  practiced  in  the  art.  A  burn¬ 
ing  rate  /  475  inches  ter  stc.'raJ  1i  tju.vawrd  With  tha 
bomb  pressurized  to  2000  psi,  which  represent  burning 
rates  wholly  unachievable  with  state-of-theart  propel¬ 
lants. 


4,172,743 
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A  free  energy  minimization  program  is  run  on  this 
propellant  to  assess  its  utility  a=  a  gun  or  rocket  propel¬ 
lant;  parameters  are  summarized  in  Table  III.  The  de¬ 
rived  impulse  of  36C.OOO  ft-lb/lb  is  typical  of  that 
achievable  with  single  base  propellants.  This  value  can 
be  raised  substantially  by  reducing  the  plasticizer  con¬ 
tent  of  the  propellant,  or.  for  rocket  propellants,  adding 
aluminum. 

TABLE  III 


COMBUSTION  PARAMETERS  OF  PROPELLANT 
.  . , STAINING  COPRLCIHTAVED  PRODUCT 

PARAMETER 

1000  psi 

EXPANDED 

Specific  ImpulK  (ltv.ee/lb) 

— 

226 

Specific  Impulse  (vacuum,  Ib-sec/lb) 
MifiK  i  cm  peril  urc  moot -.w,  'K.J 

fu45 

246 

Gamma 

t.27 

t.27 

Fljme  Temperature  (isochoric.  *K.) 

2305 

t228 

On  Output  (motel/ 100*) 

5.63 

5.  t4 

Qu  MolecuUe  Weithl 

15.9 

16.8 

IVikIucI  Molecular  N^eigM 

17.8 

Impulse  <ft-lb/1b> 

360,000 

10 


15 


20 


While  various  examples  of  the  subject  compositions 
have  been  given,  and  preparatory  methods  taught,  it  is 
to  be  understood  that  the  invention  is  to  be  defined  by 
the  scope  of  the  appended  claims. 

I  claim: 

1.  The  composition  having  the  general  formula 
»[(NHNHi))CNOjH>-»)  f(NHNH2)jChB|oH|ol 

w  herein  the  value  of  is  between  0.01  and  0.99. 

2.  The  composition  of  claim  1  wherein  the  value  of  x 
is  between  0.5  and  0.99. 

3.  A  mixture  comprising  an  intimate  physical  blend  of 

the  maminoguamdinium  salt  of  decahydrodecaborate 
acid.  (C(NHNH2)j)2BioHio  and  triaminoguanidine  ni¬ 
trate,  (NHNHjfjCNOj,  wherein  said  nitrate  comprises 
from  between  approximately  1%  and  99%,  by  weight, 
of  said  mixture. 

4  A  product  having  the  formula: 

»((NHNHi)jCNOjHI-*)!((NHNH2)3C)2B|oH|o1 


wherein  the  value  of  x  vanes  between  0.01  and  0.99 
said  product  being  formed  by  a  coprecipitation  process 
between  the  triaminoguanidinium  salt  of  decahy- 
drodecaboric  acid  and  triaminoguanidiniuni  nitrate  by 
the  steps  of; 

(A)  dissolving  both  said  decahydrodecaborate  salt 
and  said  nitrate  in  a  mutually  soluble  solvent,  at  a 
temperature  sufficiently  high  to  maintain  said  salt 
and  said  nitrate  in  solution; 

(B)  forming  a  pressurized  stream  of  said  solution  and 
bringing  said  solution  stMsam  tether  with  a  pres¬ 
surized  stream  of  a  miscible  nonsolvent,  under 
conditions  of  extreme  turbulence  within  a  mixing 
chamber,  to  effect  a  substantially  complete  copre- 

cipitatton, 

(C)  recoveming  the  coprecipitated  product  by  filter¬ 
ing  the  effluent  from  said  mixing  chamber,  and 
washing  said  product  with  an  inert  and  nonsolvent 
fluid; 

(D)  drying  the  product  to  remove  all  remaining  liq¬ 
uid. 

5.  The  product  of  claim  4  wherein  said  mutually 
soluble  solvent  is  water  and  said  solution  concentration 

25  is  approximately  0.3  to  0.1  molar  in  BiqHio-2.  wherein 
said  coprecipitation  step  further  comprises  rapidly  mix¬ 
ing  approximately  one  part-by-volume  of  said  solution 
with  five  parts-by-volume  of  said  miscible  nonsolvent. 

6.  The  composition  of  claim  1  wherein  further  the 

30  composition  is  a  coprecipitate  and  the  substituent  ions 

BioHio-2  and  NO3-  are  intimately  intertwined  through 
interlattice  and  intercrystalline  mixing. 

7.  The  coprecipitate  of  claim  6  wherein  the  value  of  x 
is  between  0.5  and  0.99,  and  said  coprecipitate  is  the 

35  product  of  a  process  comprising  the  steps  of  dissolving 
the  triaminoguanidinium  salt  of  decahydrodecaboric 
acid  and  triaminoguanidinium  nitrate  in  wati  r  to  form  a 
solution  and  simultaneously  precipitating  the  constitu¬ 
ent  ions  by  adding  said  solution  to  a  miscible  nonsol- 

vent.  . 

8.  A  compositions  according  to  claim  1  wherein  x  is 
approximately  0.85  and  0.75. 
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